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TRAUMA IN LATE WOODLAND CRANIA FROM
ILLINOIS

Jill Heilman, Melissa Martin Neely, and Delia Collins Cook

Department of Anthropology

Indiana University

Bloomington, Indiana 47405

ABSTRACT: The Schild cemeteries located in Greene County, Illinois include a Late Woodland

component of nine mounds. We limited our sample to crania with 55% of all elements present,

resulting in a total sample of 1 1 individuals. Our investigation of the Late Woodland yielded twelve

cases of cranial trauma. Data sheets illustrating six cranial views (anterior, posterior, superior,

inferior, right lateral, and left lateral) were used. The method of recording data onto the sheets

consisted of color-coding all present elements, evidence of trauma, and fractures. Preservation and

differential weathering made it difficult to discern ante- and post-mortem fractures. Therefore, this

investigation identified bone bruises, celt wounds, healing fractures, and excavator damage. We find

the occurrence of cranial trauma in this sample at 7.34% to be indicative of the Late Woodland time

period.

INTRODUCTION

In several of his reports on mortuary sites, Perino (1973a-c) has suggested that

intervillage warfare was an important characteristic of Late Woodland society in the

Midwest. His evidence for this claim includes burials with skull fractures, with

projectile points embedded in bone, and with projectile points recovered from the area

of the body cavity. His data were based on his field examination of the remains during

excavation. In order to look more systematically for evidence relevant to Perino'

s

interpretation of his data, we have examined the cleaned and reconstructed crania from

the Schild Mounds, a Late Woodland site in which Perino ( 1 973b) identified four burials

with cranial injuries, for additional evidence of trauma that may have escaped his

preliminary study. We have focused on cranial injuries because these are more likely

than are other injuries to have resulted from interpersonal violence (Poison, 1965;

Courville, 1967).

MATERIALS AND METHODS

Perino (1973b) identified 193 individual burials during his excavation of nine Late

Woodland mounds at the Schild site in Greene County, Illinois. An additional 135

individuals represented by partial skeletons were recognized during laboratory analysis

of the burials Perino recovered. A complete catalog of elements, including age and sex

determinations reported below, is on file at the Department of Anthropology, Indiana

University.

We examined all crania that were at least 55 percent complete and reconstructable.

The resultant sample consisted of 1 10 crania. The inventory for the series includes 91

adult males, 90 adult females, and 147 juveniles and adults of indeterminate sex. Our

sample of 1 10 crania includes 39 males, 43 females, and 28 individuals 15 years of age

or less of indeterminate sex. The sample is thus representative of the population with
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respect to age and sex. In addition, we examined three less complete crania that Perino

(1973b) identified as injured during his excavations.

Data were recorded by plotting injuries and missing elements on forms showing

anterior, posterior, superior, basilar, and left and right lateral views of the skull,

supplemented with a written description of all injuries. We carefully distinguished

among postmortem damage, time-of-death injuries, and healed or healing injuries.

Damage occurring long after death produces fracture edges perpendicular to the surface

of vault bone. Frequently, these fractures have crumbled margins, and there is less color

change from soil staining than on surrounding surfaces. Fractures occurring while soft

tissues are still present are typically partial and expanding, because fresh bone with soft

tissues still attached is resilient, and flexes before fracturing. Such green or fissured

fractures may cross sutures. Fracture edges may be darker than surrounding bone due to

blood staining, although this degree of preservation is rare in most ancient remains.

Injuries due to sharp implements produce depressed fractures of the outer table of the

skull, or if sufficiently forceful, defects in the bone with expanding, beveled inner edges.

Blunt force injury to the intact head is characterized by fractures radiating from the point

of impact and by depression fractures concentric about the point of impact, producing a

spiderweb appearance. Both kinds of instrumental fractures generally expand inward

and have beveled edges oblique to the skull surface (Poison, 1965; Ortner and Putschar,

1981; Manchester, 1983; Berryman, Smith, and Symes, 1990). Healing can be detected

from 7 to 20 days after fracture and is visible first as resorptive changes, followed by

periosteal new bone formation (Murphy, etal, 1990) and eventual union and consolida-

tion if the victim survives his injuries.

RESULTS

Of the 1 10 individuals in our sample, 12 exhibited cranial trauma (Table 1). Four

are male, five are female, and three are juveniles (one male and two of indeterminate

sex). The age and sex distribution of these trauma cases are virtually identical to that of

Table 1 . Schild Late Woodland cranial trauma by age and sex.

Juveniles

~~ ~ 28

SM 1-2

SM 4-9A

SM9-5

Adult Males Adult Females

Number Scored 39 43

Unhealed Trauma SM 3-25* SM3-19
SM 2-26A*

SM 3-28

SM 3-32A^

Healed Trauma SM 1-51 SM 3-28

SM 6-5Ca SM 3-32A*

SM9-18a SM 1-46

Frequency Meeting .08 .07

Inclusion Criteria

Frequency Adding .10 .11

Fragmentary Crania

* Specimen too incomplete to meet inclusion criterion of 55% recovery. The specimen was described

because injuries were recognized by Perino (1973b) during excavation.
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the sample as a whole.

Schild Mound 1, burial 2: Sharp implement injury, unhealed. Perino (1973b:

103) pointed out in his description of this eight to nine year old child that:

The skull. ..has two large-lenticular-shaped holes struck into the back portion with

the bit of a celt...The presence of the skull near the pelvis, instead of in its normal

articulated position, indicates that the child may have been decapitated with the

head and body later buried together. That the lower jaw was disarticulated might

indicate the remains had thoroughly decomposed before burial.

Our examination corroborates Perino' s assessment. A 50 by 24 mm opening in the

squamous occipital is intersected by five radial cracks, two of which cross suture lines.

Their edges expand inward and show many minute hinge or step fractures, indicating

that the bone was fresh at the time the fracture occurred. There is a second opening

measuring 42 by 13 mm in the posterior left parietal. A radial crack beginning in the first

opening ends with inwardly displaced margins at the second opening, indicating that the

second opening was produced by the second blow to the vault. Margins of the second

opening bend inward, with many small, comminuted fragments still attached. Fracture

edges expand inward and are soil-stained to a similar degree as the surrounding bone.

Fracture lines more or less parallel to the coronal suture on the anterior portions of both

parietals are similarly stained and may reflect compression of the vault resulting from

the blows that produced the two openings. There is no evidence of healing. The

openings conform in size and shape to the edges of Late Woodland celts from a variety

of Midwestern sites in the collections of the Glenn A. Black Laboratory of Archaeology

at Indiana University. Thus, the wounds are an example of a "signature fracture," in

which the injury corresponds in shape to the instrument that produced it (Poison, 1965).

The skull is lacking both maxillae, the ethmoid, and the nasal bones. These

elements could have become disarticulated, if the skull was separated from the remain-

der of the skeleton and decayed elsewhere, as Perino suggests. Only the second and third

cervical vertebrae were recovered. Neither shows evidence of decapitation. The

mandible was likely broken during excavation. This specimen is illustrated in Perino'

s

report (1973b).

Schild Mound 1, burial 46: Healed superficial injury. This old adult female skull

is complete except for the face and basicranium. There are four small, healed, depressed

lesions near the frontal boss that may represent healed bone bruises or healed superficial

crush fractures. There is rodent gnawing in the right temporal. Perino mentions no

disturbance of this flexed, articulated burial, but he does note that the grave was only 16

inches deep. The rodent gnawing is stained to the same extent as the surrounding bone

and cannot be recent.

Schild Mound 1, burial 51: Healed superficial injury. Two small, depressed

lesions are present in the parietals of this male aged 42 to 47 years. The margins are

indistinct, and the texture resembles the surrounding bone, indicating that these lesions

are long-healed. The lesion in the right mid-parietal is about 22 by 10 mm in length and

2 mm in depth, while the lesion in the left parietal is about 20 mm in diameter and 3 mm
deep. Both lie medial to the superior temporal lines and were covered only by the galea

aponeurotica and scalp during life. The area between the superior temporal lines shows

generalized low-grade periosteal reaction. The depressed lesions are consistent with

blunt force injury to the outer table of the vault or with penetrating wounds to the scalp,
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resulting in either case in localized infection.

Schild Mound 3, burial 19: Blunt force injury, unhealed. This specimen consists

of a frontal, right temporal, and fragments of the occipital, maxillas, and parietals. A
green partial fracture in the frontal and left parietal of this 25 to 29 year-old female

suggests a time-of-death injury. The fracture is evident only on the outer table and

trabeculae of the vault. It begins at the frontal boss and extends across the coronal

suture. The color of the fracture edges is the same as the color of the surrounding bone,

and the fracture edges are sharp. There are several other breaks in the frontal. These

breaks are chalky in color, irregular in cross-section, and coarse. The breaks can be

attributed to post-mortem damage. There is some periostitis of the external surface of

the frontal and of the frontal process of the maxilla that can be attributed to an infectious

disease.

Schild Mound 3, burial 25: Possible unhealed cranial fracture. This specimen

did not meet our sample inclusion criteria, but we describe it because it is one of a group

of four clustered burials that Perino thinks may represent a single episode of violence.

He describes this group as follows:

The skulls of Burials 26, 28, and 32 seemed to have been purposefully broken, for

the fragments are large and not broken at the sutures. Much of the skull of Burial 32

was missing. The skull of Burial 26 was split in two pieces; Burial 25 had a small

projectile point among the bones but was too badly decomposed for us to know if it

had been placed there with malicious intent. It will be noted that Burials 25, 26, 28,

and 32 were buried near each other, possibly at the same time. It will also be noted

that, as in Mounds 1 and 2, the treatment accorded these individuals seems to have

been intentional and such as is found during warfare and violent death...The

evidence suggests that these individuals met death by sharp-edged clubs swung by

enemies (Perino, 1973b: 119-120).

This extremely fragmentary adult male skull has a fracture line extending laterally

across the mid-frontal that is patinated to the same extent as the surrounding vault

surface. This may represent a time-of-death injury.

Schild Mound 3, burial 26a: Unhealed cranial fracture. This female aged 44 to

49 is represented by only the frontal and some facial fragments. Like the previous

specimen, this skull did not meet our inclusion requirements. (Portions of a second skull

(26b) were recovered with the burial but were not recognized as a second individual in

the field.) There are four fractures radiating from the middle of the frontal and small

partial fractures of both lateral margins. The radiating fractures extend posteriorly to the

coronal suture; however, as the parietals are missing, we do not know whether they

extended further. These fractures appear to expand anteriorly. The frontal is warped

around the radiating fractures to such a degree that it cannot be reconstructed smoothly,

suggesting that the fracture occurred while the bone was still green and flexible.

Fractures of the left margin cross the fused pars temporales of the coronal suture, further

supporting Perino' s interpretation.

Schild Mound 3, burial 28: Unhealed cranial fracture, healed nasal fracture.

This female aged 25 to 35 exhibits two distinct episodes of injury to the skull. The

earliest episode consists of healed fractures of the nasals and nasal processes of both

maxillae. These fractures are characteristic of a blunt force injury to the nose during life.

Fracture callus is smooth and confluent with the surrounding bone, suggesting that this
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injury occurred several years before death.

The second site of trauma involves both the vault and the base of the skull. The vault

is represented by the majority of the frontal and right temporal, two fragments of the

occipital, and one fragment of the left parietal. Perino (1973b: 118) recognized this

injury during his excavation, stating that "...the skull lay upside down with its top broken

off, the fragments were lying nearby." This context is reflected in marked differences in

soil staining on several of the fragments. A number of the vault fragments were not

recovered, but all fracture edges are stained like the adjacent surfaces, indicating that

they occurred at or near the time of burial.

The skull has suffered a massive injury, with the impact centered on the occipital at

lambda. One fragment of the occipital was recovered. There is a fracture perpendicular

to the cruciate eminence. The thickness of the bone at this point implies that a

tremendous force was required. The squamous portion of the occipital is vertically

fractured near asterion. This fracture is angled anteriolaterally. The edge is hinged and

torn, indicating that soft tissues were present on the bone at the time of injury. Both

fracture lines can be followed anteriorly on the parietal fragments and the frontal. All of

the frontal and parietal material recovered demonstrates small hinge fractures and

beveled margins along the primary fracture lines. Jagged fractures lie along the

squamosal and sphenofrontal sutures, producing the appearance described by Perino.

The central portion of the frontal has a conical fracture 56 by 39 mm in length with

three smaller fractures radiating from it. The margins of the fracture are beveled

outward, the outer margins of the fracture being larger than the inner, indicating that the

force of the blow must have come from behind. The appearance is similar to that seen

in exit wounds from large-caliber projectiles in modern forensic cases. The radiating

fractures that center on the occipital intersect this conical fracture.

The basisphenoid is fractured diagonally, and there are small posteriorly expanding

partial fractures through the right palatine and the right petrosal. All these injuries are

consistent with a massive instrumental or projectile injury to the back of the skull

occurring at or near the time of death.

Schild Mound 3, burial 32a: Unhealed cranial fracture, healing instrumental

fracture. This very fragmentary adult female skull did not meet our inclusion criteria

for statistical analysis, but we include it in our discussion, because it is the last of the

group of four clustered burials Perino identified as injured. The specimen consists of

portions of the mandible, temporals, occipital, maxillas, zygomatics, and sphenoid.

Most of the broken edges are patinated the same color as the surrounding bone,

suggesting time-of-death injuries. This supports Perino' s suggestion that the skull was

purposefully broken.

Several healing injuries point to an earlier episode of trauma, which the individual

survived by several weeks. There is a crush fracture of the left zygomatic. The edge of

the fracture is hinged inward at least 4 mm. The profile of the wound is consistent with

a narrow-edged instrument, such as a celt. A crush fracture of the left margin of the

basioccipital shows remodeling of the fracture edges. The base of the left zygomatic

process of the temporal is fractured, and there is fracture callus on the superior margin

of the break. These injuries are consistent with a powerful blow to the left side of the

head some weeks before death.

Schild Mound 4, burial 9a: Sharp implement injury, possible short-term

survival. This seventy percent complete six year-old skull has two antemortem injuries

on the frontal and right parietal. The first wound is an oblong opening in the frontal and
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right parietal situated on the bregmatic portion of the coronal suture. Only three-fourths

of the opening is present, the midline portion of the parietal not having been recovered;

however, the wound is 22 mm at its widest point. The anterior edge of the opening is

beveled outward, the outer margins of the fracture being larger than the inner, and there

are small crush fractures along the edge that displace fragments inward, indicating that

this wound was produced by a glancing blow from an edged implement. The color of the

fracture margins resembles the adjacent external surface. There is a white discoloration

on the endocranial surface surrounding the opening, which indicates that the individual

may have survived the injury for a few days, long enough to allow some resorption of

necrotic bone. The shape of the opening closely resembles the celt wounds in Schild

Mound 1, burial 2.

The left frontal exhibits a similar injury. This fracture is not as extensive, the injury

being limited to the outer table. There are two radiating partial fractures extending

anteriorly from the left margin, indicating an impact wound in life. The fracture may
continue posteriorly; however, the deteriorated condition of the anterior margin of the

left parietal complicated interpretation. Small crush fractures on the posterior left

parietal may indicate a third blow.

Schild Mound 6, burial 5Ca: Healed facial fractures. This eighty percent

complete adult male older than 47 has multiple healed fractures of the left zygomatic.

Portions of the fractured zygomatic and the bones of the right side of the face are

missing, likely because of damage during excavation. There are irregular nodules of

well-consolidated fracture callus on the frontal process of the zygomatic. This degree of

remodeling indicates that the fracture occurred several years prior to death. There is

porous and highly vascular elevated bone on the inferior orbital margin contiguous with

the fracture callus. The porosity points to a persistent local inflammation or infection.

The lesion is confined to the facial surface of the bone, and the eye does not appear to

have been directly affected. The left zygomatic process of the temporal also exhibits a

fracture that has healed with little distortion. Both fractures are consistent with blunt

force trauma to the face.

Schild Mound 9, burial 5: Unhealed sharp implement injuries. Five separate

injuries on this fifteen year-old skull indicate time-of-death wounds. The skull was

shattered, and many small fragments were not recovered. A blow to the posterior right

parietal produced an ovoid opening with six green, radiating fractures. Although two

small pieces of the margin of the opening are missing, the wound measures approxi-

mately 36 by 19 mm and closely resembles the lenticular wounds on SM 1-2 and SM 4-

9a. The superior margin of the orbit is crushed inward and hinged on the endocranial

surface. Together with the green fractures, this is evidence for a massive blow to the

right side of the head.

A second series of green fractures radiates from the missing right zygomatic process

of the frontal across the right parietal. This blow could have been produced by the same

instrument. The left margin of the frontal has been shattered, detaching eight fragments.

Green fractures and partial fractures radiating from just superior to the frontal boss

indicate the point of impact. Two of the fractures had sufficient force to travel across the

coronal suture and onto the anterior left parietal. Substantial hinging on the endocranial

surface along the whole of the anterior margin suggests a blow of enormous force.

The fourth site of trauma is the squamous portion of the left temporal. A 38 by 15

mm opening is present, but the resultant fragments were not recovered. Partial fractures

cross the suture to the parietal. At the inferior margin of the opening, there is a small,
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deep crush fracture, 12 by 5 mm, on the superior margin of the zygomatic process.

Three partial fractures radiate from this injury, and the inner table at this thick point on

the temporal bone is displaced inward at least 3 mm. This may represent the point of

impact for the larger injury, perhaps the edge or corner of the instrument, or it may

represent a separate injury from a pointed implement.

The fifth injury centers on the right mastoid process. The right temporal is

represented only by fragments, but there are both concentric and radiating fractures on

the adjacent occipital and parietal. There is a fracture through the auditory canal.

Finally, a diagonal fracture through the basioccipital could be related to either temporal

fracture.

The fracture edges are similar in color and texture to the surrounding bone. Two
detached fragments of the right parietal are stained darker that the adjacent vault, as are

the facial bones. These fragments must have been separated from the vault as the body

decomposed. Perino comments that part of the skull is missing. In his published

photograph (Perino, 1973b: 128), one can see that the vault is separated from the face.

Schild Mound 9, burial 18a: Healing blunt force injury. This old adult male skull

is missing the face and basicranium. There is a shallow, depressed lesion on the right

frontal 18 by 15 mm in length. The central area is quite porous, while the surrounding

margins are smooth and confluent with the adjacent bone. The right margin is slightly

raised. This lesion was in the later stages of healing at the time of death. It represents

a blunt force injury.

DISCUSSION

Quantitative statements about these cases present some difficulties. We have rather

arbitrarily decided to include specimens in our statistical analysis, if they are 55 percent

complete. Deciding that trauma was not present, when less than 55 percent of the skull

was recovered, seems suspect. On the other hand, using a higher inclusion criterion

would make the sample very small, even in this extremely well-preserved series. A
question arises as to how to treat the skulls with massive trauma. If skulls are incomplete

because they have been injured, we lose interesting information by excluding them, and

the exclusion is in some sense artificial. We have elected to summarize our data both

ways (Table 1). If the more fragmentary examples are included, 1 1 percent of the Schild

Late Woodland crania show injuries, and in 7 percent, these injuries are likely to have

been the cause of death. The corresponding figures, if our inclusion criterion is applied

rigorously, are 8 percent and 5 percent, respectively.

All these injuries are likely to have been the result of interpersonal violence

(Courville, 1967; Manchester, 1983). A number are instrumental, or signature, wounds

in which the shape of the implement can be inferred. It is interesting that all fatal celt

wounds are in juveniles. These high frequencies support Perino' s inference that warfare,

rather than sporadic interpersonal violence, is the most probable cause. The logical step

between interpersonal violence and warfare is necessarily inferential when dealing with

the past. However, the high frequency of injuries, the high frequency of fatal injuries,

their instrumental character, and the contextual evidence for dismemberment presented

by Perino argue that the injuries were the result of warfare rather than other sorts of

conflict. It is difficult to imagine a scenario in which this pattern would result from
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familial or community violence or other causes, and warfare may be the most parsimo-

nious explanation. Similar patterns are reported in other studies of Late Woodland

populations in the Midwest (e.g., Cook, 1984; Paine and Anderson, 1990). The temporal

associations of such patterns with independent evidence for warfare, for example, trophy

taking or scavenging of exposed corpses by carnivores (Paine and Anderson, 1990),

limitations in access to resources (Cook, 1984), or fortification of sites, can support such

inferences.

The frequency of cranial injuries is remarkably equal across age and sex categories,

and unhealed injuries are more common in females than males. This may surprise us, if

we assume that most injuries and deaths from interpersonal conflict will be found among

males. This assumption appears in the ethnographic literature on warfare in simple

farming societies (e.g., Divale and Harris, 1976), but it is probably not correct. Vayda

(1976) has reported the indiscriminate killing ofwomen and children as a common phase

in New Guinea warfare.

Interpreters of patterns of injury in prehistoric eastern North America are largely

consistent in inferring warfare from results similar to ours. Females and juveniles

predominate at the Crow Creek massacre site, where warfare is abundantly clear from

context (Zimmerman, Gregg, and Gregg, 1981). Paine and Anderson (1990) report

significantly more interpersonal injuries in females than in males in their prehistoric

Oneota sample and argue for warfare, because many skeletons show evidence of

scalping, decapitation, or postmortem exposure. However, van Wagenen and Wilkinson

(1990) stop short of this inference and refer to intentional interpersonal violence in a

Michigan Late Woodland sample in which 80 percent of the cranial injuries are found in

females. Lovejoy and Heiple ( 198 1 ) infer from the low frequency of cranial injuries and

the absence of a male predominance in postcranial fractures in the Libben Late

Woodland cemetery in Ohio that warfare was not an important contributor to fracture

patterns. In conclusion, Perino appears to have been right in his interpretation of the

field context of these burials, and the remains themselves testify to the extent and impact

of Late Woodland warfare.
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ABSTRACT: Genetic corn used to demonstrate the inheritance of two traits in an introductory

biology course was purchased in 1963 from the Carolina Biological Supply Company. Over the

years, the students picked at the end kernels until they were loosened and started to separate from the

cob. To prevent further deterioration, the disfigured ends of each cob were cut off, and the remaining

kernels were coated with polyurethane varnish. In 1988, an attempt was made to germinate some of

the varnished seeds. Some germination of the 25 year old kernels was noted after 10 days. The

polyurethane coating may have prolonged the viability of the seeds.

INTRODUCTION

Many plant seeds do not remain viable for more than a few weeks, when stored

under ambient temperature and relative humidity. Other seeds retain their viability for

only a few years. Since the late- 19th century, there have been numerous claims to

unusual periods of seed longevity which in some cases involve thousands of years (e.g.

Arctic lupine (10,000 years) or wheat taken from the Egyptian pyramids (3,000 years)).

Other plants purportedly having long seed viability include lotus, barley, oats, mallows,

mullein, and lamb's quarters. Unfortunately, only those plants whose seed longevities

range between one and one hundred fifty years can be accurately documented. Even for

some of these, the validity of the report has been questioned (Roos, 1986).

Seeds taken from bricks by Hendry and Kelley in 1925 and stored in glass vials for

50 years gave indications that some of the embryos were viable. However, the seeds did

not germinate, although one seed of Medicago produced a radicle and thickened

cotyledons (Roos, 1986). In the one hundredth year of Dr. Beal's buried seed

experiment involving 23 species, only Verbascum thapsis (or perhaps V. blattaria) and

Malva rotundifolia survived the century mark (Kivillan and Bundurski, 1973).

The longest documented viability in seeds of our common agricultural crops is

reported in the work of Aufhammer and Simon. When they attempted to germinate

wheat, oat, and barley seeds which had been stored in a tube for more than 120 years,

they found that 21% of the oat seeds and 12% of the barley seeds germinated. None of

the wheat seeds germinated (Roos, 1986).

Although there seems to be ample evidence that corn seeds stored longer than

twenty-five years under ambient temperatures and humidity can be germinated success-

fully, little documentation has found its way into the literature. A notable exception is

the work of Haferkamp, Smith, and Nilan (1953). In their study, the seeds of agricultural

crops were tested for germination after thirty-two and thirty-three years in storage under

ambient conditions. Some of these seeds germinated. The low moisture content of the

atmosphere in Lind, Washington, the site of the tests, seemed to be a major factor in the

retention of seed viability.
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MATERIALS AND METHODS

Genetic corn used to demonstrate the inheritance of two traits was purchased from

the Carolina Biological Supply Company in 1963. About ten years ago, the ends of the

deteriorating ears were cut off, and the remainder of each ear was heavily painted with

several coats of polyurethane varnish to affix the kernels to the cob. (A similar process

is now being used by Carolina (personal communication)). These ears were replaced

with new ears in 1988.

The old ears were used to test for corn seed viability after long-term storage under

ambient conditions. The kernels were either tested directly (i.e., they were untreated),

or they were subjected to one of two treatments. Treated seeds were immersed in full-

strength commercial Chlorox for 30 seconds and then rinsed with either deionized water

(Treatment 1) or tap water (Treatment 2). Immersion in Chlorox for longer than 30

seconds proved to be lethal to the embryos. The Chlorox was used to inhibit the growth

of mold, which normally terminated the experiment after about 1 1 days. Despite the use

of Chlorox, little inhibition of mold was noted. Except for the yellow-wrinkled seeds,

which were limited in number, lots of twenty-five kernels were put into petri dishes with

moist toweling to test for germination.

Seeds from two ears of new corn were used to run comparative germination tests

with the seeds from the old ears. After three days, germination of the new seeds was

complete, yielding a germination rate of 100%. Unpainted corn of the original shipment

was discovered in 1989. Two attempts to germinate their uncoated kernels were made.

The old uncoated corn failed to germinate in both trials.

Table 1. Germination of twenty-five year-old corn kernels coated with polyurethane

varnish by genotype. For a discussion of the treatments used, the reader is referred to the

text.

Test Duration Treatment Phenotypes Number Percent

(days) Seed Germinated

1 12 Untreated purple-smooth 25 36% (9)

yellow-smooth 25 32% (8)

purple-wrinkled 25 0% (0)

yellow-wrinkled 8 25% (2)

2 13 1 purple-smooth 25 24% (6)

yellow-smooth 25 8% (2)

purple-wrinkled 25 0% (0)

yellow-wrinkled 13 7.7% (1)

3 10 2 purple-smooth 25 12% (3)

yellow-smooth 25 32% (8)

purple-wrinkled 25 0% (0)

yellow-wrinkled 8 0% (0)

4 10 2 purple-smooth 25 16% (4)

yellow-smooth 25 4% (1)

purple-wrinkled 50 2% (1)

yellow-wrinkled 6 0% (0)
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RESULTS AND DISCUSSION

In the four tests in which the embryos survived (Table 1), the average germination

of the varnished kernels was 13.3%. In each case, the trial was terminated by mold

growth in the petri dish. Untreated kernels showed a higher germination rate (22.9%)

than the kernels that were treated with Chlorox (9.4%). Even a 30 second immersion in

Chlorox proved detrimental to germination. Scarification of the polyurethane-coated

kernels did accelerate germination slightly but did not enhance germination percentages

overall.

Corn and rye have poor viability records when no special conditions are imposed on

storage of the seeds. In these germination trials, twenty-five year old genetic corn,

heavily coated with polyurethane varnish for about ten years, exhibited a moderately

good rate of germination, while uncoated kernels of the same origin failed to germinate.

Perhaps, the polyurethane coating contributed to the increased viability of the coated

seeds.
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ABSTRACT: Botany classes at Indiana University Southeast and individual collectors have found

83 new vascular plant records for Clark, Floyd, Harrison, and Washington Counties of Indiana. Two,

Papaver dubium and Scilla sibirica, are new for the state. The voucher specimens are in the Indiana

University herbarium at Bloomington (IND).

INTRODUCTION

Distribution records are listed for the southern Indiana Counties of Clark, Floyd,

Harrison, and Washington. Genera are in the order of their appearance in the Flora of

Indiana (Deam, 1940); species within each genus are alphabetical. Nomenclature

conforms to Gray's Manual ofBotany, 8th ed. (Fernald, 1950), unless noted as following

Gleason and Cronquist (1963) or Mohlenbrock (1975). The indications of state

endangered (e), threatened (t), or rare (r) follow Aldrich, et al (1986).

METHODS AND MATERIALS

Some collections were made as required class work for botany classes at Indiana

University Southeast. Others were made by independent collectors. Collectors were

Ron Calabro, Jane Durham, Gail Emmert, Theresa Hahn, Katie Heavrin, John Hobson,

Ruth Jones, Gail Lowery, Julia H. Martin, Richard H. Maxwell, Jack Neff, Susan

Newman, Lori Saulman, Doug Trusner, and Helen White. Gail Emmert collected all the

Washington County records.

The specimens were processed, preliminary determinations made, and the pertinent

literature checked at the Indiana University Southeast herbarium (JEF). The voucher

specimens for the new records were sent to the Indiana University herbarium at

Bloomington (IND) for verification of identifications and eventual incorporation into

the permanent collection.

RESULTS AND DISCUSSION

The following species with their counties were collected and identified:

Botrychium dissectum var. obliquum (Gleason & Cronquist, 1963),

Washington

Cystopteris fragilis var. protrusa, Washington

Lycopodium flabelliforme, Washington

Alisma subcordatum, Washington

Agrostis cilianensis, Clark
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Bromus pubescens, Floyd

Diarrhena americana, Floyd

Holcus lanatus, Clark

Lolium perenne, Harrison

Carex nigro-marginata, Floyd

Carex scoparia, Floyd

Arisaema dracontium, Clark

Commelina communis, Washington

Luzula multiflora, Floyd

Asparagus officinalis, Washington

Hemerocallis fulva, Washington

Lilium superbum (t), Washington

Ornithogalum umbellatum, Washington

Scilla sibirica, Washington

Smilax herbacea, Washington

Sisyrinchium angustifolium (Mohlenbrock, 1975), Washington

Liparis lilifolia, Washington

Spiranthes vernalis, Washington

Parietaria pensylvanica var. pensylvanica, Clark

Polygonum cespitosum var. longisetum, Floyd

Polygonum pensylvanicum var. laevigatum, Floyd

Polygonum punctatum, Floyd

Rumex acetosella, Washington

Chenopodium standleyanum (Mohlenbrock, 1975), Clark

Amaranthus tuberculatus, Washington

Dianthus armeria, Washington

Saponaria officinalis, Washington

Cimicifuga racemosa, Floyd, Washington

Ranunculus sceleratus, Clark

Podophyllum peltatum, Washington

Dentaria diphylla, Floyd

Hesperis matronalis, Washington

Lepidium virginicum, Washington

Thlaspi perfoliatum, Clark

Duchesnea indica, Clark

Potentilla recta, Washington

Rubus allegheniensis, Floyd

Coronilla varia, Washington

Desmodium nudiflorum, Floyd

Lathyrus latifolius, Washington

Lespedeza intermedia, Floyd

Lespedeza nuttallii (r), Floyd

Lespedeza virginica, Clark

Lotus corniculatus, Washington

Medicago lupulina, Washington

Trifolium pratense, Washington

Acalypha ostryaefolia, Floyd

Tilia heterophylla, Floyd
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Viola canadensis, Floyd

Viola pensylvanica (= V. pubescens var. eriocarpa (Mohlenbrock, 1975)),

Clark

Passiflora incarnata, Washington

Passiflora lutea var. glabriflora, Washington

Circaea quadrisulcata var. canadensis, Washington

Oenothera biennis, Floyd

Lysimachia nummulaha, Washington

Apocynum cannabinum, Washington

Ampelamus albidus, Washington

Cuscuta gronovii, Floyd

Hydrophyllum macrophyllum, Clark

Scutellaria parvula var. australis (r), Floyd

Penstemon brevisepalus, Washington

Penstemon digitalis, Washington

Verbascum blattaria, Washington

Veronica hederaefolia, Floyd

Galium concinnum, Washington

Houstonia caerulea, Washington

Valerianella radiata, Clark

Lobelia siphilitica, Floyd

Ambrosia trifida, Floyd

Aster ciliolatus, Floyd

Aster sagittifolius, Floyd

Carduus nutans, Harrison

Chrysanthemum leucanthemum var. pinnatifidum, Washington

Erigeron philadelphicus, Washington

Heliopsis helianthoides, Washington

Polymnia uvedalia, Washington

Taraxacum officinale, Washington

Tragopogon pratensis, Floyd.

Papaver dubium L. and Scilla sibirica Haw. are possible state records. The poppy,

a unicate railroad waif (Maxwell 2251), was collected along railroad tracks between

Speed and Memphis, May 31, 1985. The squill is a common cultivated plant which has

escaped and probably has become naturalized in Indiana, as noted by Fernald (1950) in

Ohio. The squill collection, Emmert 3, April 13, 1990, was one of several from a

roadside isolated from dwellings.
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ABSTRACT: Cryopreservation of embryos is an important technique in genetic and developmental

research as well as in the applied area of livestock production. We have studied the effects of

freezing upon mouse embryos by comparison of slow freezing and vitrification regimens. This

mouse model system is used with the possibility of direct application to livestock, particularly lines

of dairy cattle. The slow-freezing technique involves use of a programmable cryopreservation

system, which is time-consuming, expensive, and somewhat unwieldy in site use compared to

vitrification, the direct exposure of embryos in straws to liquid nitrogen from 21° C. Thirteen

embryos from superovulated mice were subjected to slow freezing; 69.2% (9) survived the storage

period as judged by further development in tissue culture during 12 to 18 hour observation times.

Vitrification was done in the presence of a cryoprotectant solution, glycerol-sucrose or glycerol-

propanediol. These trials gave 30.8% (26 embryos) survival for glycerol-sucrose and 34.3% (35

embryos) for glycerol-propanediol. The simplest interpretation of these data is that slow freezing is

superior to the vitrification procedures used here, but the approximately 30% survival suggests that

further experiments should be undertaken.

INTRODUCTION

Cryopreservation of mammalian embryos is a technique useful in basic and applied

research. Transplantation of frozen embryos for implantation in surrogate females is

particularly important in the dairy industry. We have used a mouse system to test the

effect of vitrification versus conventional freezing on the survival rate of embryos.

Conventional freezing involves the use of a programmable, computerized freezer for

repeatable cool-down rates. This freezer system is expensive, unwieldy, and time-

consuming compared to the simpler system of vitrification by direct plunging into liquid

nitrogen.

Vitrification involves the formation of a super-cooled liquid without the formation

of ice crystals; that is, the conversion of the liquid to a glass. This formation of a glass

is a property of all liquids that are cooled at a sufficiently high rate. The cooling rate is

fundamental in bypassing the formation of crystals as the normal freezing point is

reached (MacFarlane, 1987). In this work, the embryos were cooled rapidly to ensure

vitrification, and the question of viability of embryos subjected to different freezing

rates was addressed.

There are two factors in freezing embryos that prove to be detrimental to embryo

survival. The first is over-dehydration of the cells and the second is intracellular ice

(Pomp and Critser, 1988). As the embryo is cooled slowly, extracellular ice crystals

form. As the water freezes, the solution remaining between the embryo and ice becomes

hypertonic. Through osmosis, this salt solution dehydrates the embryo. Once the

embryo has reached the critical dehydration level, it must be plunged into liquid

nitrogen to prevent over-dehydration. With respect to intracellular ice, crystals form

when the embryo is cooled too quickly, not allowing extracellular ice crystals to form.

Large ice crystals form within the membrane, causing considerable damage.
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MATERIALS AND METHODS

Mouse population. CD-I mice were obtained from Harlan Sprague-Dawley in

Indianapolis, Indiana, and maintained at 25° C with 16 hours of light per day with water

and food available ad libitum. Conditioning in this environment before experimentation

was for three weeks. Males were kept separately, and five or fewer females were kept

together (standard laboratory cages).

Superovulation cycle. Five units ofPMS (pregnant mare serum) were injected into

each mouse on day 0. Five units ofHCG (human chorionic gonadotropin) were injected

after forty-eight hours. The female was placed in a cage with a male for twelve to

twenty-four hours. At seventy-two hours, the females were sacrificed by cervical

dislocation.

Embryo recovery. Morula or blastocyst embryos were flushed from extirpated

uteri from which the ovaries and fat bodies had been removed. The irrigation medium

was Dulbecco's phosphate buffered saline containing calcium and glucose. Each

uterine horn was flushed 3 to 4 times with 2.5 to 3.0 ml medium with a 25 gauge needle

(3/8" on a 3 ml syringe). After settling in the flushing vessel (100 x 15 mm Petri dish),

the embryos were moved to a 35 x 10 mm holding dish until all recoveries had been

made.

Freezing solutions. The embryos were then placed in their respective freezing

solutions and equilibrated for thirty minutes before freezing. The solution for pro-

grammed cooling was constituted from 1.725 ml Dulbecco's medium containing 4%
BSA (bovine serum albumin), 0.275 ml DMSO (dimethyl sulfoxide), and 0.5 ml calf

serum (final concentration = 1 .5 M DMSO). Two cryoprotectant solutions were used for

vitrification. The first contained 8 parts Dulbecco's medium containing 4% BSA, 1 part

glycerol, and 1 part 1 .5 M sucrose. The second solution was the same as the first except

that 1 part propanediol was added in place of sucrose.

Freezing and storage. After equilibration in freezing medium the embryos were

loaded into a 1/4 ml semen straw with a tuberculin syringe. The controls (conventional

freezing) were frozen with a computer freezer which followed the following regimen:

from 21° C to -6° C, the temperature decreased at a rate of 4° C/min; at -6° C, the

temperature was held for ten minutes, allowing the embryo to be seeded; then, the

temperature was decreased at a rate of 0.5° C/min until it reached -30° C; at -30° C, the

embryo was plunged into liquid nitrogen (-196° C). The experimental embryos

(vitrification) were lowered into liquid nitrogen directly from 21° C. It was done over

a period of twenty seconds to prevent explosion of the semen straw. The embryos were

stored in liquid nitrogen until all embryos from the project had been harvested and

frozen.

Thawing and observation. The embryos were thawed by placing the straws in a

21° C water bath until the ice was gone (about 10 to 20 seconds). Each embryo was then

washed thru four separate Dulbecco's-4% BSA solutions to remove the cryoprotectant,

which is toxic to the embryo. The embryos were then incubated at 37° C in Dulbecco's-

4% BSA with 10% calf serum for twelve to eighteen hours. Embryo survival was

determined by embryo progression as viewed with 400x magnification. If the embryo

developed to the expanded blastocyst or hatched blastocyst stage, then it was considered

alive.
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Table 1 . Cryosurvival rate (formulations for control and experimental cryoprotectant

solutions are given in the text).

Condition Number Number Survival

Frozen Survived Percentage

(%)

Controls 13 9 69.2

Glycerol and Sucrose 26 8 30.8

Glycerol and Propanediol 35 12 34.3

RESULTS AND DISCUSSION

The percentage of surviving embryos from the vitrification (Table 1) is an indica-

tion that the procedures used in this project had a relatively high success rate when

compared to other laboratories. Ideally, manipulations leading to the vitrification

process should be carried out at 5° C (cold room operation vs room temperature),

because it lessens the toxicity of the cryoprotectants (Rail, 1987). Also, the toxicity of

the cryoprotectant and the amount of osmotic damage are directly influenced by the

concentration of cryoprotectant along with the time and temperature of exposure (Rail,

1987).

While these percentages are encouraging, it must also be remembered that the

survival rate was based on in vitro incubation and not on actual pregnancies after

implantation of the thawed embryos. The percentages usually show a significant decline

when based on actual pregnancies. The simplest interpretation of these mouse studies is

that conventional freezing is superior to vitrification and that the use of vitrification

procedures in cattle is not warranted at the present time.
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ABSTRACT: Several quantitative physical and chemical parameters were examined to assess the

water quality of Spicer Lake, St. Joseph County, Indiana. The objectives of the study were to provide

baseline data and to examine the possible effects of runoff entering the lake from the surrounding

agricultural areas. Vertical profiles of three locations were collected from July through December,

1990. The parameters studied were temperature, dissolved oxygen (DO), biochemical oxygen

demand (BOD), pH, Secchi disk transparency, ammonia and nitrate nitrogen, total and orthophosphate

phosphorus, and pesticides. Results indicate that the lake is in a dystrophic state. The saturated

oxygen and nutrient levels are low except for an accumulation of nutrients at the bottom of the lake.

Runoff does not appear to be a problem in the lake, since samples near possible inlets were not

significantly different from center samples.

INTRODUCTION

Spicer Lake Nature Preserve is located in the northwest coiner of St. Joseph County,

Indiana. This swamp forest preserve covers approximately 16 ha and protects several

rare plant species. Spicer Lake is circular, covers two ha, and has a maximum depth of

6.1 m (Dineen, 1979). The lake is bordered by a uniform floating vegetation mat, 4-8 m
wide, and is surrounded by a red maple swamp forest.

Water quality may be a critical feature in maintaining wetland communities and

should be monitored for induced physical or chemical changes that could alter the

natural conditions and adversely affect critical species existing in and around the lake.

The objectives of this study are to provide baseline data and to determine if the

surrounding agricultural operations are affecting the health of the ecosystem. The

parameters measured were pH, Secchi disk transparency, dissolved oxygen (DO),

temperature, biochemical oxygen demand (BOD), ammonia nitrogen, nitrate nitrogen,

total phosphorus, and orthophosphate phosphorus. These were measured from July

through December, 1990.

MATERIALS AND METHODS

Samples were collected on 7/2, 7/19, 8/2, 8/21,9/11,9/25, 10/11, 11/13, and 12/13

of 1990 approximately 1-2 hours after sunrise. Eight samples were collected to obtain

a vertical profile, three at the center (0 m, 2.5 m, and 5 m) and southwest edge (0 m, 2
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m, and 3 m) and two at the north edge (0 m and 2 m), for each date except for 12/13/90

when only the center samples were collected. The sampling locations shown in Figure

1 were chosen to determine possible effects of runoff entering the preserve through a

culvert west of the southwest edge and the drainage way leading into the north edge of

the lake. The farmland to the west of the preserve and pastureland to the north of the

preserve caused concern that runoff may contain increased nutrient concentrations.

Grab samples were taken at the surface, and a Lab-line Model 4197 sampler was used for

all others. DO and temperature were monitored in situ at 0.5 m intervals with a portable

Yellow Springs (Models 5 IB and 57) DO meter. Standard air calibration was used to

calibrate the DO meter. A pHep Model 0624-00 meter was used to measure pH. A
Secchi disk was used for transparency readings. Samples were placed in wet ice for

transport back to the laboratory for analyses of BOD, nitrogen, and phosphorous

compounds.BOD was obtained by shaking 300 mL of lake water in two BOD bottles for

2 minutes to aerate the sample, measuring the initial DO, measuring the final DO after

5 days of incubation at 20° C, and determining the DO loss. Initial and final DO were

measured with a YSI BOD bottle probe. Water soluble ammonia and nitrate nitrogenwere

N

Figure 1 . Location of Spicer Lake (L) and surrounding ecosystems, cultivated fields (CF), farmyard (Fs), old

field (OF), pasture (P), swamp forest (SF), and upland forest (UF) with the lake sampling locations indicated

by stars. The parking lot (Pa) and east and south boundaries ( ) of Spicer Lake Nature Preserve, north-

west corner of St. Joseph County, Indiana, are shown also.
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Table 1. Chemical and physical parameters for Spicer Lake, St. Joseph County, Indiana.

Om 2-3m 5m

Range Mean Range Mean Range Mean

pH (standard units)

7/19-9/11 6.6-7.9 6.9* 6.2-7.6 6.8* 6.2-6.6 6.4*

9/25-12/13 6.1-7.3 6.8* 6.0-7.6 7.1* 5.6-6.8 5.8*

Secchi (cm)

7/19-9/11 41.0-66.0 55.8

9/25-12/13 46.0-66.0 58.4

BOD (ppm 02)

7/19-9/11 6.0-9.1 7.8 2.8-8.2 4.5 6.7-7.8 6.0

9/25-12/13 2.2-8.0 5.5 1.7-9.0 5.9 2.0-8.2 5.8

NH3-N (mg N/L)

7/19-9/11 <0.0 1-0.06 <0.0 1-0.07 3.24-4.64 3.97

9/25-12/13 <0.01-0.39 <0.01-0.38 0.38-5.50 2.43

NO,-N (mg N/L)

7/19-9/11 <0.01-0.03 <0.0 1-0.07 0.55-3.09 1.79

9/25-12/13 <0.0 1-0.01 <0.0 1-0.09 0.06-2.59 0.84

Total dissolved N
(mg/L)

7/19-9/11 <0.01-0.06 0.01-0.57 0.20 3.79-7.73 5.76

9/25-12/1 <0.0 1-0.40 <0.01-0.47 0.44-8.09 3.27

Total P (mg/L)

7/19-9/11 0.044-0.098 0.065 0.031-0.083 0.050 0.233-0.323 0.285

9/25-12/13 0.050-0.099 0.073 0.043-0.119 0.074 0.055-0.148 0.085

'median
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measured with an Orion Ammonia Ion Selective Electrode Model 95-12 using the low

level procedure (Orion Research Inc., 1987). Persulfate digestion was used for total

phosphorus. Total phosphorus and orthophosphate phosphorus were analyzed by the

Ascorbic Acid Method (American Public Health Association, American Water Works

Association, and Water Pollution Control Federation, 1989). A Bausch & Lomb
Spectronic 21 spectrophotometer was used for the first three sets of samples and a Perkin

Elmer Lambda 6 spectrophotometer was used for all other samples. Pesticide analysis

by GC-MS was performed on the samples collected on 10/11/90 by Environmental

Health Laboratories using EPA Method 525 (Environmental Protection Agency, 1986).

RESULTS AND DISCUSSION

The results of the sampling indicate slight stratification, low BOD and DO values,

and high levels of nitrogen and phosphorous compounds at the bottom center of the lake.

The lake water has a brown color and a strong hydrogen sulfide odor. There was no

significant horizontal variation of the parameters, although there was variation with

respect to depth. Fall turnover began in October and was complete by December. A
summary of the results is presented in Table 1

.

Temperature and dissolved oxygen. The temperature and DO data demonstrate a

slight degree of stratification (Figs. 2 and 3). Although Figures 2 and 3 are for the center

location, the same temperature and DO changes occur at the other sampling sites. The

effect of the surrounding trees on the lake is evidenced in Figures 2 and 3. Due to the

small size of the lake and the forested area close to the edge, there is minimal wind

effect, and the epilimnion is shallow.

A close relationship between temperature and DO is evidenced by comparing

Figures 2 and 3. Temperature and DO decline rapidly at 1-1.5 m during the summer.

The DO values are low below 1.5 m with values of 1-2 ppm oxygen, which restricts the

aerobic activity in the hypolimnion. The data from September to November indicate

mixing of the lake, or the fall turnover. The sampling on 12/13/90 revealed that the

turnover of the lake was complete as the temperature was a constant 4.0° C and the DO
was a constant 4.6 ppm oxygen. This indicates that the lake is entering the winter season

at 35.1% oxygen saturation. Therefore, after the ice forms on the lake, the oxygen

content is expected to go to zero.

Biochemical oxygen demand. The mean BOD values were 7.8, 4.5, and 6.0 ppm
oxygen for the surface, middle, and bottom, respectively, in the summer months, and

means of 5.5, 5.9, and 5.8 ppm oxygen were recorded for the surface, middle, and

bottom, respectively, in the fall. The BOD data versus depth displays a parabolic shape

for each of the summer sampling dates. The BOD levels at the surface may be due to the

stirred effect resulting in the suspension of more organic matter and the aggregation of

plankton in this layer. The middle values are lower than those at the surface, indicating

that more of the organic matter has settled out. The bottom BOD values are higher than

the middle values, which may be due to very small suspended organic particulate matter.

Based on the observation of the vertical homogeneity of the analytical results for

December, the BOD values at the bottom are not due to disturbance of the bottom muck
by the sampler.

Secchi and pH. There was minimal variation in the Secchi or pH values (Table 1).

The Secchi readings averaged 55.8 cm in the summer and 58.4 cm in the fall. The dark

color of the water restricted the depth of light penetration which may reduce productiv-

ity. The Secchi values observed in this study are less than those reported by Dineen( 1 979),
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Figure 2. Temperature versus depth profile for the center location at Spicer Lake from 7/19/90 to 12/13/90.
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Figure 3. Dissolved oxygen versus depth profile for the central location at Spicer Lake from 7/19/90 to

12/13/90.



Vol. 100 (1991) Indiana Academy of Science 29

which suggests an increase in suspended particulate matter. The pH values ranged from

6.6-7.6, 6.2-7.6, and 6.2-6.6 for the surface, middle, and bottom, respectively, in the

summer and 6.1-7.3, 6.0-7.6, and 5.6-6.8 for the surface, middle, and bottom, respec-

tively, in the fall. The median pH values are close to neutral for the surface and middle

and are slightly acidic at the bottom.

Phosphorus and nitrogen. The concentration of total phosphorus is low except at

the bottom center, where values averaged 0.285 mg P/L in the summer. The only value

greater than 0. 1 mg P/L occurs at the bottom center. Fall values for total phosphorus

exhibit evidence of the mixing of the lake as the means are 0.073, 0.074, and 0.085 mg
P/L for the surface, middle, and bottom, respectively. Total phosphorus concentrations

of most unpolluted surface waters range from 0.010-0.050 mg P/L (Wetzel, 1983).

Orthophosphate phosphorus was measured only on 9/1 1, 9/25, and 10/11 and was at the

limits of detectability (0.005 mg P/L). It follows that essentially all of the phosphorus is

contained in organic matter.

Both ammonia and nitrate nitrogen displayed significant concentrations at the

bottom center of the lake, but essentially nondetectable levels elsewhere in the lake. The

range of ammonia nitrogen (0.38-5.50 mg N/L) is just below or at the level of 4-8 mg N/

L which may be present in the anaerobic hypolimnion of a eutrophic lake (Lind, 1979).

The high ammonia-nitrogen values at the bottom center could be due to the highly

reducing environment at the bottom of the lake and the reduction of nitrate by anaerobic

bacteria. The range of nitrate nitrogen in Spicer Lake at the bottom center is 0.06-3.09

mg N/L. Values of nitrate nitrogen under natural concentrations rarely exceed 10 mg N/

L and are frequently less than 1 mg N/L (Lind, 1979).

The nutrient values in Spicer Lake are comparable to values obtained in several

EPA studies of lakes in northern Indiana: Bass Lake (Starke County), Crooked Lake

(Steuben County), Westler Lake (Lagrange County), and Webster Lake (Kosciusko

County) (U.S. Environmental Protection Agency, 1976a-d). The nitrogen and phospho-

rus values obtained at Spicer Lake fall within the ranges of these studies.

The high phosphorus and nitrogen levels at the bottom center may be due to

decomposition without utilization, as there is no plant growth and almost no animal

growth at the bottom of the lake. Nutrient values of the bottom solids were 23 mg
ammonia nitrogen and 60 mg total phosphorus per gram as reported by Dineen (1979),

which may indicate that the sediments could be a source of nitrogen and phosphorus in

the bottom of the lake.

Pesticides and herbicides. Samples collected on 10/11/90 were analyzed for 25

various chlorinated pesticides and various PCB's. Since the analysis was performed

only once, the results are valid only for the date of sampling. No detectable concentra-

tions were found in the samples. From these results there does not appear to be a late fall

pesticide input from the neighboring farmland, since the samples were collected just

after a heavy rain which had resulted in high runoff and an increase in the water level of

the preserve.

CONCLUSIONS

The results indicate that the lake is in a dystrophic state with an accumulation of

nutrients, minimal cycling, and a oxygen-limiting environment. The data show suffi-

cient consistency to be considered as baseline data. The data do not indicate evidence

of runoff from the surrounding agricultural areas, since the concentrations of nutrients



30 Ecology: Clifford, Garber, Riemenschneider Vol. 100 (1991)

did not vary between the center and edge locations nor between samples collected after

heavy rains and rainless periods. The possibility exists that runoff containing high

concentrations of nutrients entering the preserve could be filtered by the swamp forest,

since this area is typically nutrient poor. Sampling the water in the swamp forest area

would be required to determine if this area is receiving excessive nutrient concentra-

tions. The accumulation of nutrients at the bottom of this lake may be due to

decomposition without utilization, nutrient release from the sediments, and particle

settling from the water column.
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ABSTRACT: Reports of problems in controlling Colorado potato beetles (CPB) on potatoes have

been increasing in recent years. Populations from potato producing regions in northeast and

southwest Indiana were found to be resistant to esfenvalerate, carbofuran, phosmet, and endosulfan.

Two CPB insecticide trials conducted in the Lafayette area showed CPB in that area to be susceptible

to all insecticides tested. Several Bacillus thuringiensis based insecticides were found to be effective

for control of CPB larvae. The use of alternative control strategies should be encouraged to avoid

exacerbating the current resistance problems.

INTRODUCTION

The Colorado potato beetle (CPB), Leptinotarsa decemlineata (Say), is the most

important pest of potatoes east of the Rocky Mountains. CPB feeds exclusively on

solanaceous plants and is a pest of potato, tomato, pepper, and eggplant. Both adults and

larvae are voracious feeders on potato foliage, potentially causing dramatic yield losses

because of severe defoliation (Ferro, 1985).

During the mid- 19th century, potato growers did not have insecticides available to

them that would effectively control CPB, but they were not defenseless. Walsh (1865)

recommended handpicking and crushing the insects or "turning in the turkeys." An
entrepreneur named Benson also invented a horse-drawn potato beetle collector (Walsh,

1866). As early as 1861, it was noted that there were some potato varieties that were

much preferred by the CPB (Edgarton, 1861). If the less preferred variety was planted

alone, it would be devoured, but it was recommended that preferred varieties be planted

around fields of less preferred varieties to act as a trap crop (Bethune, 1872; Riley,

1871). Early entomologists also recommended crop rotation, planting early, reduced

nitrogen use, and killing vines prior to harvest as methods for reducing CPB damage

(Walsh, 1866; Riley, 1869; Bethune, 1872; Hardenberg, 1949).

By 1872, C.V. Riley was recommending Paris green as an insecticide for control-

ling CPB. Paris green and other arsenical insecticides were used fairly effectively in the

1940's. There were some reports of loss of effectiveness with arsenicals as early as

1912, but this was not recognized as resistance, because resistance had not been noted

for any insect species at that time (Gauthier, et ai, 1981). During the modern insecticide

era, which began when DDT became available in 1945, CPB has shown an amazing

ability to develop resistance to various insecticides. Resistance typically occurs because

the insect has found some way to detoxify the insecticide. Since chemicals of the same

insecticide class generally have a similar mode of action, when an insect develops

resistance to one member of that class, it also or soon will be resistant to other members
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Table 1. Development of resistance in CPB to various insecticides in New York (adapted

from Forgash, 1985).

Insectide Introduced Control Failure

Arsenicals 1880 1940s

DDT 1945 1952

Dieldrin 1954 1957

Carbaryl 1959 1963

Azinphosmethyl 1959 1964

Phosmet 1973 1973

Disulfoton 1973 1974

Carbofuran 1974 1976

Oxamyl 1978 1978

Fenvalerate 1979 1981

Permethrin 1979 1981

Fenvalerate + PBO 1982 1983

of that class.

Table 1 summarizes the rate of development of resistance on Long Island, New
York. Note that initially insecticides were effective for 5 to 7 years, but that the

pyrethroids had an effective life of only about two years (Forgash, 1985). The same

pattern of resistance developed all along the eastern seaboard where large acreages of

potatoes are grown as well as in the major potato producing areas of the upper Midwest.

In some of these areas, the only effective materials for controlling CPB are aldicarb, a

synthetic soil insecticide that is applied at planting and provides excellent early season

control of CPB and other insects, rotenone, cryolite, and, most recently, some of the

newer strains of Bacillus thuringiensis (BT) that have shown efficacy against Co-

leoptera. Aldicarb is not legal for use in some areas, because of groundwater contami-

nation problems.

Indiana is not a major potato producing state, ranking 19th in total production, and,

therefore, does not have a history of heavy insecticide use for controlling CPB.

However, some isolated regions of the state grow substantial amounts of potatoes.

Indiana has not experienced the severe CPB control problems that have been reported in

other areas of the country. During the fall and winter of 1989-90, several reports were

received from growers who indicated great difficulty controlling CPB in their fields

during the 1989 growing season with foliar insectides. In addition, during the spring of

1990, aldicarb was voluntarily recalled by the manufacturer because of some reports of

residue problems, eliminating that chemical as a control alternative.

The objective of this study was to evaluate the efficacy of several insecticides for

control of the Colorado potato beetles in a susceptible population and to determine if

resistance were the primary factor involved in the poor control obtained by several

Indiana potato growers.

MATERIALS AND METHODS

An insecticide trial to evaluate the efficacy of several insecticides for control of

Colorado potato beetles on potatoes was conducted at the O'Neall farm near Lafayette,

Indiana, during the summer of 1989. There are no major potato producers near

Lafayette, so the CPB in the area have not been exposed to heavy selective pressure from
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Table 2. Treatments included in 1990 potato insecticide trial.

Trt Insecti- Rate/ When
No cide Acre Appl. 6/19 6/25 7/2 7/17 7/24 7/31

1 M-One 2.0 qts. W X X X X X X

2 Asana XL 4.8 oz w X X X X X X

3 Sevin 80S 1.25 1b w X X X X X X

4 Thiodan 1.0 qt w X X X X X X

5 Kryocide 11.5 1b w X X X X X X

6 M-One 2.0 qts V X X X X X X

7 Asana XL 4.8 oz AN 3 X X X

8 Sevin 80S 1.25 1b AN X X X

9 Asana XL/

M-One
4.8 oz/

2.0 qts

AN M M M A A

10 MYX-1806 2.0 qts W X X X X X X

11 Untreated

Check

12 MXY-1806 2.0 qts T X X X X X X

13 Trident 1 .5 qts W X X X X X X

14 Trident 2.0 qts W X X X X X X

Weekly

Timed; when small larvae (1st and 2nd instar) were present.

3 As needed; when defoliation reached 20%.

insecticide use and can be considered a susceptible population. The trial was planted on

June 6 with "Katahdin" seed. The plots were one row by 25 feet long with 10 feet

between rows. Seed pieces were placed one foot apart within each row. The trial was

arranged in a randomized complete block design with four replications.

Treatments were applied with a tractor-mounted CO, powered sprayer in 40 gallons

of water per acre at 40 psi. The spray boom had two nozzles above the plants and on each

side directed inward toward the plants. Application dates were June 30, July 6, 13, 21,

27, August 3, and 10.

On July 14, five plants were rated for defoliation based on a 1 to 5 scale (1 = no

damage; 2 = minor damage; 3 = moderate damage; 4 = heavy damage; and 5 = severe

damage). Direct counts of CPB larvae and adults were made on 5 plants per experimen-

tal unit on August 14. First and second instar larvae were considered small and third and

fourth instar larvae were considered large.

A similar insecticide trial was conducted during the summer of 1990. The potato

cultivar "Katahdin" was planted on April 30 at the O'Neall Farm. Seed pieces had been

cut one week earlier and allowed to suberize. Seed pieces were placed by hand 1 2 inches
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Table 3. Damage ratings for Colorado potato beetles on potatoes (1 = no damage, 5 =

severe damage), July 14, 1989, and mean number of larvae and adults per 5 plants on

August 14, 1989 1

.

Damage

Chemical Rate/Acre Rating Larvae Adults

AsanaXl 2.5 oz 1.4 a 0.00 a 0.00 a

Vydate 2pts 1.5 a 0.00 a 0.00 a

Ambush 6.4 oz 1.7 ab 0.00 a 0.00 a

Sevin 80S 1.25 1b 1.8 abc 0.00 a 0.00 a

Monitor 1.5 pts 2.1 abed 0.00 a 0.00 a

Thiodan 2pts 2.3 abed 0.00 a 0.00 a

Kryocide 11.5 lb ai 2.3 abed 0.00 a 0.50 a

M-One 2qts 2.5 abede 0.00 a 0.50 a

Trident 4qts 2.7 bedef 0.00 a 1.25 b

MYX-1806 3qts 2.8 cdef 0.00 a 0.75 ab

Ditera 1 lb 3.0 def 0.00 a 0.00 a

Untreated — 3.1 def 10.00 a 0.25 ab

Trident 6 qts 3.5 ef 0.00 a 0.00 a

Ditera 21b 3.6 f 0.00 a 0.50 ab

1 Means followed by the same letter are not significantly different (Duncan's 1955 multiple range test,

P<0.05).

apart in furrows. Each experimental unit consisted of a single row 25 feet long. The

experiment was arranged in a randomized complete block design with 4 replications.

Rows within a block were 5 feet apart and 5 foot bare alleyways separated blocks.

The treatment application dates in the study are listed in Table 2. All treatments

were applied with a C0
2
powered backpack sprayer at a pressure of 40 psi in 23 gallons

of finished spray per acre. The spray boom had three hollow cone nozzles with the

middle nozzle centered over the middle of the row. Treatments that were "timed" were

applied when small larvae were present in the field. Because small larvae were present

in the field most of the time, treatments 1 and 6 and treatments 10 and 12 each received

the same number of sprays and were essentially the same treatment. Treatments that

were applied as needed were applied when the plot had approximately 20% defoliation.

Treatments were evaluated by making direct counts of small and large larvae and

adults on five randomly selected plants per plot. Beetle counts were made on June 18,

22-25, 28, July 5, 23, and August 3. On August 28, all plots were dug with a mechanical

potato digger, and all potatoes within a plot were picked up and weighed. Data from

both studies were analyzed with analysis of variance procedures and means separated

using Duncan's (1955) multiple range test (P < 0.05).
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To investigate the possibility of insecticide resistance, CPB adults were collected

from commercial potato farms in northeast and southwest Indiana and exposed to

discriminating doses of various insecticides (Bishop and Grafius, personal communica-

tion). A discriminating dose is one that can be used to separate susceptible populations

from resistant ones. The insecticides and dosages used were phosmet at 3.2 g ai per liter,

endosulfan at 8 g ai per liter, carbofuran at 8 g ai per liter, and esfenvalerate at 0.2 g ai

per liter with and without 1 g ai per liter of piperonyl butoxide. The insecticides were

applied to filter paper in petri dishes. For each field, twenty beetles were placed in each

of the petri dishes for 24 hours and then checked for mortality. An untreated check was

also included in the test. The test was not replicated, so no statistical analysis was

conducted.

RESULTS AND DISCUSSION

Table 3 summarizes the results of the 1989 insecticide evaluation. The defoliation

damage observed on July 14 was mostly the result of adult feeding. All the insecticides

Table 4. Mean number of Colorado potato beetle large larvae (3rd and 4th instar) per five

plants in 1990 insecticide trial. The number of applications prior to sampling date are

listed in parenthesis after means.1

Trt. No. June 28 July 5 August 3

1

2

3

4

5

6

7

8

9

1 Means followed by the same letter are not significantly different (Duncan's 1955 multiple range test,

P<0.05).

0.25 a (2) 0.00 a (3) 2.00 a (6)

0.00 a (2) 0.00 a (3) 1.75 a (6)

0.75 a (2) 0.50 a (3) 3.00 a (6)

0.00 a (2) 0.00 a (3) 2.25 a (6)

0.00 a (2) 0.00 a (3) 0.50 a (6)

2.00 a (2) 0.25 a (3) 4.25 ab (6)

1.75 a (0) 1.00 a (1) 1.25 a (3)

0.50 a (0) 0.50a(l) 4.00 ab (3)

1.50a(2M-One) 0.25 a (3M-One) 0.75 a (3M-

one, 2Asana)

0.00 a (2) 0.50 a (3) 2.50 a (6)

6.00 b (0) 2.00 b (0) 6.75 b (0)

1.50 a (2) 0.50 a (3) 2.75 a (6)

0.00 a (2) 0.00 a (3) 1.75 a (6)

0.25 a (2) 0.00 a (3) 3.75 a (6)
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tested effectively controlled larvae and all treatments controlled adults except cryolite

and the BT materials, M-One, Trident, Ditera, and MYX-1806, which are not supposed

to control adults. We concluded that the population of CPB near Lafayette was a

susceptible population.

In the 1990 insecticide trial, the population of CPB was relatively low throughout

the growing season. Defoliation never reached extreme levels even in the untreated

check. Unfortunately, late in the season, the population of potato leafhoppers, Empoasca

fabae (Harris), reached extremely high levels, causing pronounced symptoms of leaf

curling, hopperburn, and stunting in those treatments that did not control the leafhop-

pers. Much of the differences in yield can be attributed to the leafhopper injury.

No significant differences in CPB densities were detected on June 18, June 22-25,

or July 23 or in the densities of small larvae or adults. Table 4 shows the densities of

large larvae from the other three sampling dates. On June 28, all treatments had

significantly fewer large larvae than the check. Unfortunately, that included two

treatments that had received no applications yet and were therefore checks themselves

at that point in the study. On July 5, all treatments had significantly fewer larvae than

the untreated. On August 3, treatments 6, 8, and 14 were not different than the untreated.

The treatments that reduced the number of large larvae the most were cryolite,

endosulfan, esfenvalerate weekly, M-One weekly, Trident at 2 quarts, and MYX-1806.

The yield results (Table 5) show fairly clearly that the treatments that would be

expected to control potato leafhoppers had the higher yields. These included endosul-

Table 5. Mean weight (lbs) of potatoes harvested per 25 feet of row in the 1990 trial.
1

Trt. No. Insectide Rate per Acre Weight (lbs)

1 M-One 2.0 qts 22.9 c

2 Asana XL 4.8 oz 37.7 a

3 Sevin 80S 1.25 1b 36.4 ab

4 Thiodan 1.0 qt 38.0 a

5 Kryocide 11.5 1b 25.3 c

6 M-One 2.0 qts 23.3 c

7 Asana XL 4.8 oz 39.3 a

8 Sevin 80 S 1.25 1b 23.4 c

9 Asana XL/M-One 4.8 oz/2.0 qts 26.1c

10 MYX-1806 2.0 qts 30.1 abc

1

1

Untreated 24.4 c

12 MYX-1806 2.0 qts 27.9 be

13 Trident 1.5 qts 25.2 c

14 Trident 2.0 qts 20.8 c

1 Means followed by the same letter are not significantly different (Duncan's 1955 multiple range test,

P<0.05).



Vol. 100 (1991) Indiana Academy of Science 37

fan, esfenvalerate, and carbaryl. The only exception was the two MYX-1806 treatments

which resulted in yields that were substantially higher than the other treatments that

would not be expected to control leafhoppers.

Table 6 shows the results of the tests for insecticide resistance. A susceptible

population would be expected to have a minimum of75% mortality when exposed to this

rate of the pyrethroid insecticide, esfenvalerate. In each location, the mortality rate was

5%. The addition of a synergist, piperonyl butoxide, increased mortality some what in the

northeast but had no effect in the southwest. Carbofuran, a carbamate, caused the death

of 35% and 25% of the beetles tested, respectively. Phosmet, an organophosphate,

resulted in 40% and 25% mortality. Endosulfan, an organochlorine, caused 60% and 25%
mortality, respectively. There was no mortality in the untreated control. These data

indicate that in these two pockets of intensive potato production in Indiana, CPB have

developed at least moderate levels of resistance to most insecticides.

These results indicate a need to look for alternative methods for controlling CPB in

Indiana. We are fortunate to have detected the onset of resistance before it reached the

point where no mortality would occur for most of the insectides. The opportunity exists

to continue to use some of the tested insecticides on a limited basis and possibly even to

reverse the development of resistance. To accomplish this, growers will have to use some

of the following alternative control methods, some of which are similar to the recommen-

dations of entomologists over 100 years ago, prior to Paris green. First, growers should

rotate potatoes with other crops. The further away potatoes are planted from the previous

year's potato fields, the better. Research has shown that rotation can reduce the number

of invading beetles by 90% to 99%. Second, growers should plant early and use short

season varieties as much as possible. This will reduce the length of time the beetles have

potatoes available as a host and will have an overall suppressive effect on the population

as well as reduce the time the plants need to be protected. Third, growers should use BT
insecticides for control of small larvae, being sure to monitor fields closely to properly

time applications. These materials will kill both resistant and susceptible individuals and

will serve to dilute the resistant genes present in the population. The BT insecticides are

relatively nontoxic to beneficial organisms that also nonselectively feed on resistant and

susceptible CPB. Fourth, use insecticides sparingly. Growers need to acknowledge that

potaoes are most vulnerable to defoliation at the time of tuber set and can tolerate sub -

Table 6. Percentage of CPB adults dead 24 hours after being exposed to discriminating

doses of several insecticides.

Insectide Expected Mortality

'

Observed Mortality

NE Indiana SE Indiana

5% 5%

20% 5%

35% 25%

40% 20%

60% 25%

0% 0%

If population is not resistant.

Esfenvalerate >75%

Esfenvalerate + PBO >75%

Carbofuran 100%

Phosmet >80%

Thiodan >85%

Untreated
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stantial defoliation at other times during their growth. Finally, killing vines either

mechanically or chemically prior to harvest will reduce the amount of time CPB have

potatoes available for a food source. If Indiana potato growers will adopt these practices,

it may not be too late to avoid the severe problems Long Island and other major potato

producing areas have had in controlling CPB.

LITERATURE CITED

Bethune, C.J.S. 1872. Report of the Entomological Society of Ontario for the year 1871. Hunter, Ross, Toronto.

Duncan, D.B. 1955. Multiple range and multiple F tests. Biometrics 11: 1-42.

Edgerton, J. 1861. Potato insects. Prairie Farmer 8: 116.

Ferro, D.N. 1985. Pest status and control strategies of the Colorado potato beetles. Massachusetts Agricul. Exp.

Stat. Bull. 704, 8 pp.

Forgash, A.J. 1985. Insecticide resistance in the Colorado potato beetle. Massachusetts Agricul. Exp. Stat. Bull.

704: 33-52.

Gauthier, N.L., R.N. Hofmaster, and M. Semel. 1981. History of Colorado potato beetle control. In: J.H.

Lashomb and R.A. Casagrande (Eds.), Advances in Potato Pest Control Management, pp. 13-33, Hutchinson

Ross, Stroudsburg, Pennsylvania, 288 pp.

Hardenburg, E.V. 1949. Potato production. Comstock, Ithaca, New York, 270 pp.

Riley, C.V. 1869. First annual report on the noxious, beneficial, and other insects of the state of Missouri.

Ellwood Kirby, Jefferson City, Missouri, 295 pp.

. 1871. Third annual report on the noxious, beneficial, and other insects of the state of Missouri.

Horace Wilcox, Jefferson City, Missouri, 92 pp.

Walsh, B.D. 1865. The new potato bug and its natural history. Practic. Entomol. 1: 1-4.

. 1866. The new potato bug. Practic. Entomol. 11: 13-16.



Proceedings of the Indiana Academy of Science

(1991) Volume 100 p. 39-43 39

SEED PREDATORS OF VELVETLEAF
(MALVACEAE: ABUTILON THEOPHRASTI) WEED

Timothy J. Gibb

Department of Entomology

Purdue University

West Lafayette, Indiana 47907

ABSTRACT: Propagation of an annual weed depends upon the production and survival of its seeds.

Any factor which reduces weed seed number or vigor should prove agronomically beneficial. A
survey of insects associated with reproductive-age velvetleaf weed was conducted. Five species,

Heliothis zea and H. virescens (Noctuidae), Liorhyssus hyalinus and Niestrea louisianica (Rhopalidae),

and Althaeus folkertsi (Bruchidae) were determined to negatively impact the number of viable

velvetleaf seeds produced in Indiana. Understanding the extent of natural seed predation and the life

history of those insects involved is essential for integrating biological control tactics into an overall

pest management strategy.

INTRODUCTION

Effective integrated weed management depends, in part, on an understanding of the

life history, including natural seed mortality, ofeach weed species. Velvetleaf (Malvaceae:

Abutilon theophrasti) continues to be an annual weed of major concern to soybean

growers throughout Indiana and the Midwest.

Velvetleaf weed depends on seed production, survival, and germination as well as

seedling establishment to ensure survival the following year. Velvetleaf is a short-day

plant, flowering and producing seeds in the late summer or fall. It produces a

conspicuous compound seed vessel or capsule which may contain up to 13 carpels of

three seeds each. Seeds grow to maturity within the capsule and are distributed on the

ground when plants dry down in the fall.

Effective integrated weed management may be enhanced by capitalizing on any

factor or combination of factors which limits the production of viable velvetleaf seeds.

Insect seed predators may reduce annual weed propagation, if they can successfully

interfere with seed production (Goeden, et ai, 1974). Despite recent advances in weed

biological control technology, little has been reported on the insect fauna naturally

associated with this troublesome weed. A survey of arthropods associated with

velvetleaf weeds was conducted, and the potential of three beneficial biological control

agents was assessed.

MATERIALS AND METHODS

Velvetleaf plants occurring in soybean and corn fields, roadsides, and vacant waste

places were visually inspected during seed pod development. Arthropods were col-

lected, identified, and counted over a three week period during August to determine

identification and relative abundance. Samples were grouped according to class and

feeding behavior. Those arthropods that were determined to have a potential negative

effect on velvetleaf survival, because of their seed destruction and abundance, were
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studied in more detail.

To characterize the extent of seed damage, cages made from half pint paper cartons

were constructed. Carton ends were replaced by nylon bridal veil netting to allow air

circulation and light penetration. Cages were mounted around pre-selected fully formed

but still green seed capsules chosen at random in the field. Foam weather stripping was

used to cushion the cages against the fragile stems. Cages were further secured to a main

branch of the weed for additional support. Insect treatments were added to the cages in

a randomized block design and maintained for a period of seven days after which the

insects were removed and the capsule allowed to mature normally within the cage.

Caged capsules, free of insects, served as controls. Each treatment was replicated 12

times. Seeds remaining at harvest were weighed and allowed to germinate to assess the

physiological impact of the feeding.

To further quantify the extent of Heliothus feeding on velvetleaf seed, 100 late

instar larvae were collected from velvetleaf and starved for 24 hours in individual cages.

Three freshly excised green capsules of a consistent size and age were then added to each

cage. After 24 hours, the larvae were removed and head capsules were measured for

instar determination. Velvetleaf capsule damage was assessed by counting the number

of seeds missing per carpel. Fecal pellets produced were collected for damage/dry fecal

weight correlations.

Effects of insect feeding were assessed by microscopic examination to determine

differences in morphology and by seed weight. Seeds also were scarred and placed

between layers of water saturated blotter paper in petri dishes at room temperature for

three days (Horowitz and Taylorson, 1984) to determine germinability.

RESULTS AND DISCUSSION

Twenty-five families of arthropods were consistently found throughout the sam-

pling (Table 1). When counts of all arthropods were grouped according to feeding

behavior, 14% were entomophagous, 22% were non-seed feeding phytophagus or

saprophagus insects and 63% fed on seeds.

The five insect species that fed on seed pods appeared to cause the greatest negative

effect on production and survival of velvetleaf seed due to ( 1 ) the nature of injury and to

(2) the relative numbers in which they occurred. The larvae of two species of caterpillars

(Lepidoptera: Noctuidae), Heliothis virescens (F.) and H. zea (Boddie) were found in

high numbers throughout the samples. Two species of scentless plant bugs (Hemiptera:

Rhopalidae), Liorhyssus hyalinus (F.) and Niestrea louisianica (Sailer) also occurred in

relatively high numbers. A small seed beetle (Coleoptera: Bruchidae), Althaeus

folkertsi (Kingsolver) also was discovered and named during this study (Kingsolver, et

al, 1989).

Corn earworms. Cage studies on velvetleaf reaffirmed the well-known voracious

feeding habits of Heliothis larvae. Upon addition to the cage, the larvae proceeded

almost immediately to attack the capsule and often entered it entirely, consuming all the

seeds present. Within two days, mid- and late-instar larvae devoured almost all plant

tissue inside the cages. Often, the larvae then began boring into the foam weather

stripping below the capsule.

It was also determined that the larvae, depending on the instar, could consume many

seeds in a relatively short period of time. The number of seeds consumed was strongly

correlated (R2=0.862) with the dry weight of the fecal pellets produced. (This correla-

tion is sufficiently strong to merit the use of "dry weight of fecal pellets produced," a more
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Table 1. Arthropods associated with reproductive velvetleaf weeds.

Family Common Name Incidence

Entomophagus insects 5.3%

Mantidae Praying mantis

Chrysopidae Green lacewing

Reduviidae Assassin bug

Coccinellidae Lady Beetle

Anthocoridae Minute pirate bug

Arachnids 8.7%

Thomisidae Crab spider

Salticidae Jumping spider

Oxyopidae Lynx spider

Araneidae Orb-weaving spider

Dictynidae Dyctnid spider

Philodromidae Philodromid crab spider

Total Entomophagus arthropods 14.0%

Non-seed-feeding phytophagus/saprophagus insects" 22.9%

Scutelleridae Shield-back bug

Muscidae Muscid

Formicidae Ant

Acrididae Grasshopper

Gryllidae Snowy tree cricket

Miridae Plant bug

Lycaenidae Copper

Pentatomidae Stink bug

Meloidae Blister beetle

Chrysomelidae Corn rootworm

Seed-feeding insects

Noctuidae Corn earworm (23.3%)

Rhopalidae Scentless plant bug (27.9%)

Bruchidae Seed beetle (11.9%)

63. 1<

Total phytophagous/saprophagous insects 86.0%

a Homopterans noted but not counted include Diaspididae (scale), Aphidae (aphids), and Aleyrodidae

(whitefly).

time and labor efficient measurement, for predicting the "number of seeds consumed" in

future caging studies.)

Both Heliothis species can develop from egg through to adult on the velvetleaf

plant. Substantial seed mortality no doubt occurs through the feeding of this insect on

velvetleaf each year. Because this pest is well known for its' destruction of several

agriculturally produced commodities, its' potential for use as a biological control of
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velvetleaf is low. Nevertheless, it has been shown to impact the survivorship of

velvetleaf weed seeds even at current levels.

Scentless plant bugs. Results of caging studies showed a significant reduction in

seed weight and an increase in seed mortality due to feeding by both L. hyalinus and N.

louisianica nymphs placed in the cage (Table 2). When compared to the controls,

affected seeds were overall shrunken and very blackened and malformed at the site of

feeding injury. The seed testa retained the general shape of the seed, but the endosperm

within was shriveled and nearly nonexistent, leaving an empty shell. Seeds from cages

where eight nymphs fed weighed significantly less than did seeds from control cages.

Seeds from cages where 15 nymphs were fed were significantly less than either control

seeds or seeds fed on by eight nymphs. Although 99% of the control seeds germinated,

none of the seeds that were fed on by Rhopalids did so. Low mobility, relative ease of

rearing, effect on velvetleaf seed, high potential fecundity, and high host specificity

qualify L. hyalinus and N. louisianica for further consideration and study as potential

biological control agents against velvetleaf.

Velvetleaf seed beetle. Study of the host plant relationships of Althaeus revealed

two host plants, velvetleaf and flower-of-an-hour {Hibiscus trionum), both of the family

Malvaceae.

Although only 2% of the known bruchid species attack Malvaceae (Johnson, 1981),

the biology of A. folkertsi appears to be fairly characteristic of the group as a whole. The

eggs are deposited within the center crevice of full-size green capsules, where the

carpels meet. There, the eggs may be semi-protected from predators, parasites, and

accidental abrasion and desiccation. Egg placement, color, and size require that an

investigator spread open individual capsules and microscopically search in order to find

them. After eclosion, the first instar bores down through the carpel walls and into the

developing seed. No preference was found for seed location within the carpel by A.

folkertsi, although the top seed is nearest to the site of oviposition.

The site on the seed where the larva pentrates soon heals over but always retains a

bright red scar on its surface as evidence of this wound.

Larvae inside the seed go through an undetermined number of instars. Prior to

pupation, the last instar chews a ring approximately 1 .0 mm in diameter very close to the

upper surface of the testa to facilitate later adult emergence. This ring appears from the

outside as a small white circle atop the seed and is very characteristic of A. folkertsi

infestation in both of its host seeds. The larva pupates, still within its feeding chamber,

and after eclosion, the adult simply pops off the weakened operculum and emerges.

Seed weight was significantly reduced as a result of A. folkertsi feeding (Table 2).

Dissection of an infested seed reveals an almost completely hollowed out shell, partially

refilled with larval frass. Germination could not be induced in velvetleaf seeds

afterwards.

Althaeus folkertsi does not lend itself well to laboratory rearing and as yet detailed

knowledge of its behavior is not available. Although mating was observed in captivity,

caged adults could not be induced to oviposit on velvetleaf capsules either in the

laboratory or in cages in the field.

In nature, the beetles were usually collected from velvetleaf flowers, where they

appeared to be taking nectar, or on the capsules themselves. In the laboratory, adults fed

from a solution of sucrose in a cotton swab.

In late season, the adults appear to cluster together after emergence, possibly an
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Table 2. Seed weight analysis of seeds fed on by scentless plant bugs (Rhopalidae:

Liorhyssus hyalinus and Niestrea louisianica) and by seed beetles (Bruchidae: Althaeus

folkertsi).

Treatment N Mean Wt.

(mg) a

Germination (%)

Control (caged) 189 9.90 a 99 a

Control (non-caged) 110 9.27 a 97 a

Bruchidae 177 5.06 b b

Rhopalidae (8) 217 3.23 c b

Rhopalidae (15) 196 1.89 d b

a Means followed by the same latter are not significantly different (P<0.05).

overwintering behavior.

The geographical distribution of A. folkertsi is probably the same as that of its only

known host plants. It has been collected throughout the eastern one-half of the United

States with spotty collections along the Mississippi Valley, North Carolina, and Florida

(Kingsolver, etal, 1989). It has been reared from both velvetleaf and flower-of-an-hour

seeds taken in Indiana, Kansas, and Iowa.

The importance of seed destruction by bruchids is well known (Southgate, 1979).

Certain seed destruction together with high host specificity may set Althaeus apart as an

ideal candidate for velvetleaf biological control. Further behavioral and biological

knowledge of A. folkertsi is essential, including developing methods of artificially

rearing and/or augmenting natural populations, before its' true biocontrol potential can

be assessed.
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ABSTRACT: Periodical cicadas of brood XIII (Magicicada septendecim, M. cassini, and M.

septendecula) emerged in northwestern Indiana and northern Illinois in June 1990. Cicadas were

recorded in Lake, Porter, and LaPorte Counties in Indiana. The distribution of brood XIII in Indiana

has been relatively stable with no apparent change in the brood's distribution since 1888. Historical

records of cicadas in the three counties suggest that brood XIII may have been ancestral to brood XIV
which is ancestral to brood X. The combination of a one year deceleration of the cicada's life cycle

followed by a four year acceleration event can account for all the 17-year cicada broods in Indiana.

Brood XIII, one of the 17-year cicada broods, emerged as expected in late May and

early June in northwestern Indiana. The emergence was lighter than the 1987 emergence

of brood X. All three species were reported to have emerged with Magicicada

septendecim (Linnaeus) being the predominant species with M. cassini (Fisher) and M.

septendecula Alexander and Moore in generally lower numbers.

The emergence was confined in the following localities: in Lake County, Crown

Point, Hobart, Highland, and Ainsworth; in Porter County, Valparaiso, Chesterton, and

the National Lake Shore; and in LaPorte County, LaPorte and the western part of the

county. Figure 1 shows the distribution of Brood XIII in Indiana in 1990.

Eggnests were collected from hawthorn trees in Valparaiso, and the eggs were

counted to determine the hatch rate. The counts showed that 589 eggs out of a sample

of 693 hatched for a hatch rate of 85%. This is higher than the 72.2% hatch rate recorded

for brood X in 1 987 and lower for the hatch rate of 92.6% counted for brood XXIII, a 1
3-

year cicada brood from southern Indiana. The differences in the observed hatch rates may
be related to the species of trees sampled, the 1987 drought, and the different hatch rates

observed for the three species of cicadas (White, et al., 1982; Lloyd and White, 1983).

Studies are currently underway to examine the role of tree species, weather, brood, and

cicada species on hatch rate.

Brood XIII is the most stable of the 1 7-year broods found in Indiana. It has been

recorded in the same three northern counties since 1888 (Webster, 1898). Outside of

Indiana, brood XIII occurs in northern Illinois, southern Wisconsin, and eastern Iowa.

Young ( 1 95 8 ) suggested that brood XIII might be the most primitive cicada brood because

it is the only cicada brood that inhabits the unglaciated zone of northwestern Illinois and
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Figure 1. 1990 distribution of the periodical cicada brood XIII in Indiana.
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southern Wisconsin. That scenario is supported by the historical record of cicadas in

Indiana. An analysis of historical and collection data from Indiana shows that over 98%
of all emergences in Indiana since 1817 are either expected broods, four year accelera-

tions, or one year decelerations from expected broods (Kritsky, 1988). Assuming that

brood XIII is the most primitive, then a one year deceleration of brood XIII would give

rise to brood XIV, which could have produced brood X by four year accelerations.

Electrophoretic data (Simon, 1 979) suggesting that brood XIV may be the most primitive

brood would require several four year accelerations and one year decelerations to account

for all of the cicada broods in Indiana. One year accelerations, also suggested as another

mechanism to account for the cicada brood evolution (Dybas and Lloyd, 1966), have not

been recorded in Indiana.
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ABSTRACT: The general state of science education in Indiana is profiled, including state rank by

students enrolled, adult academic attainment by high school and college graduation rates, average

student SAT scores, gross-state-product-per-school-age child, spending-per-pupil-in-attendance,

and actual per-pupil spending at elementary, secondary, and college levels. Teaching conditions

included school staffing and teachers salaries, and graduations from Indiana high schools are

estimated. Trends detected by a limited survey of Indiana science teachers include a major

abandonment of blood typing labs (primarily due to the "perceived danger of AIDS"), increased use

of computers, substantial cutbacks in field trips (due to red tape, costs, and state "time-on-task"

regulations), a substantial reduction in advanced science courses in order to meet the two-sciences-

to-graduate regulation, indications that uncertified science teachers substantially exceed previous

state estimates, continued use of laboratory work but substantial time instructing students in lab

safety, increased use of VCR's but inadequate units to replace film projectors, serious gaps in some

teachers' knowledge of off-air taping and copyright regulations, and continued use of dissection but

substantial decrease in the practice due mainly to cost but also animal rights and public relations

concerns. Evolution/creationism was considered to no longer be a classroom issue by two-thirds of

the respondents but a disturbingly high one-in-five teachers favored "equal time" for creationism in

science classes. Biology teacher production queried from Indiana colleges and universities appears

to remain about one-fourth the 1968 levels.

INTRODUCTION

Comparisons of student math and science performance on international assessments

(Lapointe, et al, 1989), audits of students in the United States' science-and-engineering

pipeline, and the rise in incidents of silly verdicts and other consequences of science

illiteracy in the public at large (Bien, 1988; Hively, 1988; Lewenstein, 1988) provide

solid and incontrovertible evidence that the understanding and valuing of science in the

United States is lower than in other developed countries and is inadequate to meet both

national social and economic needs as well as personal intellectual growth.

Virtually no hint of this deterioration can be found in the pages of science education

journals during the last ten years. Instead, these journals provide a steady stream of

educational innovations. Nevertheless, there are objective indicators embedded in

government reports and surveys not often seen by the science community. Following a

model established by R.W. Meyer (1987) in reporting state entomological conditions,

this report compiles available statistics to describe to Indiana scientists the educational

situation in Indiana science classrooms. In addition to compiling data from a wide range

of state and national sources, a limited survey was conducted of junior and senior high

school science teachers in the fall of 1989. The survey was sent to less than 500 but more

than 100 teachers (number concealed to assure anonymity) with a return rate of 37

percent. The survey covered all regions of Indiana, rural and urban, and all science

disciplines (Table 1).
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Table 1. Responses to a limited survey of Indiana science teachers, 1989.

Blood typing

Not a biology teacher 34%

...Of the 66% who were biology teachers

I have never conducted blood-typing labs with students 17%
I still conduct blood typing labs 22%
I formerly conducted blood-typing labs have now stopped 52%

...Of those who stopped

Due to perceived danger of AIDS transmission 67%
My professional decision unrelated to outside public issues 25%
Change in curriculum unrelated to outside public issues 16%

"Orders from above" (principal, new school policy, etc.) 8%
Cost of blood-typing reagents and equipment 8%

Computers

My school doesn't provide computers for teacher or student use 6%
I have access to a computer for test writing, grade keeping, etc 74%
One or more computers are available to my science students 77%

...Usage where students have computer access

Simulations 40%
Word-processing for report writing 40%
Data management 34%
Individual remediation 31%
Interface with real experiments to analyze real data 29%
Independent advanced projects for students 26%
Drill and practice in day-to-day lessons 17%

On-line access to outside resources 9%

...I perceive computer use as replacing

Lecture time 17%
Lab time 31%
Other 46%

...Money for computer hardware and software was

External to the science budget 69%
Subtracted from science lab equipment and supplies 11%
Other 9%
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I perceive computer use in science class as

A major improvement over my previous lecture,discussion, lab 20%
Just another tool similar to the typewriter, calculator, etc 43%
A serious threat to real labs, field trips, etc 6%
Other 17%

Field trips

I have never taken nor need to take field trips outside the school

grounds and beyond one class period 3%
I continue to use all the field trips I need 48%
My use of field trips has been substantially reduced 57%

.Among reduced, because

Due to administrative "red tape," insurance, forms, etc 51%
Financial cost of field trips became too high 45%
State restrictions under "time-on-task" regulations 45%
In my opinion, they were not as valuable as other classwork 15%

Use of VCR or other audio-visuals replaced the need for fieldtrips.. 5%

Methodology: I make use of (check all that apply)

Laboratory work 92%
Problem-solving techniques, open questions,etc 88%
Science career information 46%
Dissection 23%
Madeline-Hunter-style class lesson plans 28%
Individualized computer-assisted instruction 29%
Science/Technology/Society issues 26%
Field trips 26%
Effective schools research 17%
Outside speakers from industry, academia, etc 17%
Co-operative teaching or peer teaching 14%
Writing across the curriculum 14%
Instruction via satellite TV (Star Schools) 0%
Other 17%

Handle new two-science-to-graduate requirement

Never dropped to one-science-to graduate; did not need to add a

course 9%
Increased class size in introductory science courses 34%
Added enough qualified faculty to cover the additional courses 31%
Canceled advanced sciences to staff more introductory classes 1 1%
Struggling to schedule students into their second science course 3%
Other 20%
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Laboratory safety

I do not conduct labs 0%
I spend substantial time instructing students in lab safety 86%
I require students to sign a statement that they have read and under-

stand the lab safety procedures in my class 43%
Safety rests solely in my professional planning and care 34%
I have purchased liability insurance to cover myself 9%
Other 8%

Videotapes and broadcast programs

My school does not have videocassette players 0%
My school has too few VCR's (overbooked, disrepair) 29%
I feel I can legally record TV science programs at home and view

them myself at a later date 49%
I off-air TV science programs and use them in appropriate classes

through the school year 52%
I use small portions of broadcast TV programs in class under

"fair use". 46%
I make heavy use of school/consortium-purchased commercial

videotapes 17%
My school prohibits me from using in class videotapes I record at

home 8%
Other 9%

Dissection (Biology only)

I have never used dissection regulary in coursework 4%
I continue to use dissection 52%
I have decreased or halted the use of dissection 40%

...Reason for decreased dissection

Cost considerations 67%
Animal rights efforts or other public relations concerns 45%
"Orders from above" 11%
Replacement with computer simulations 11%
Replacement with models 0%

Evolution/creationism

I believe creationism should have "equal time" in science classes.... 20%
My textbook does not provide adequate coverage of evolution 14%
My textbook does not provide adequate coverage of creationism 20%
I do not feel I have an adequate content background to prepare me

to teach about evolution 6%
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I am not permitted to cover the topic of evolution in science class... 0%
It would be unwise for me to discuss evolution in science class 5%
This is no longer an issue; I can cover evolution as I judge fit 65%

Future: In the next five years (mark all that apply)

I plan to take more science coursework (biology, chemistry, etc.).... 40%
I plan to take more education methods coursework 17%
I except to leave public school teaching or retire 11%

I anticipate school situations and the teaching profession will

improve 43%
I anticipate school situations and the teaching profession will get

worse 23%
I anticipate school situations and the teaching profession will stay

the same 29%

*Total percentages may not add up to 100 percent, since more than one answer can be

marked or all selections may be left blank.

STATE AND NATIONAL EDUCATION STATISTICS

In size, Indiana ranks thirteenth in numbers of both elementary/secondary and

higher education students and has held this ranking during the gradual decrease in

school-age population over the last decade.

In academic attainment, according to the last census, one-third of Indiana adults

have not completed high school (rank 34) and only thirteen percent have four or more

years of college (rank 42). Average student SAT scores have consistently remained near

the bottom of 50 states, ranking 46th in verbal and 47th in math (College Board, 1989).

While it is true that states with higher percentages of high school graduates taking the

SAT "dilute down" their average scores, 16 other states exceeded Indiana's 55 percent

proportion of high school graduates taking the SAT.

In resources available, Indiana ranks 35 in gross-state-product-per-school-age-

child. While spending-per-pupil-in-attendance has grown from $2,144 in 1970 to

$3,761 in 1987, this level has dropped from 1 1 percent to 14 percent below the national

average, and Indiana ranks 34th in per-pupil spending. Of $748 spent per citizen in

Indiana on education, $492.50 goes to elementary and secondary schooling, and

$216.43 goes to higher education.

There are important differences between the U.S. Department of Education-

calculated figures (Barbett, et al., 1988) of school staffing and National Education

Association figures (1987) which appear to be based on public schools only. A U.S.

Department of Education survey reveals that Indiana uses more support staff (counsel-

ors, librarians, aides) and relatively fewer administrators and teachers than the U.S.

average. The Indiana teacher: pupil ratio of 19: 1 is approaching the U.S. average of 18: 1

.

A small "boomlet" that is currently progressing through elementary schools will cause

a temporary recovery in the steady decline in Indiana high school graduates before the

end of the century. The Western Interstate Commission for Higher Education projects

high school graduates for Indiana will number: 67,281 in 1989-90; 59,753 for 1993-94;



54 Science Education: Schrock Vol. 100 (1991)

64,444 for 1997-98; 58,205 for 2001-02; and 57,757 for 2003-04. Another national

estimate predicts a 12 percent drop in number of Indiana high school graduates between

1988-89 and 1998-99 (United States Department of Commerce Bureau of the Census,

1988).

After lagging behind inflation, the national average teacher salary finally caught up

to and passed the previous 1971 high point in purchasing power (National Education

Association, 1988; Olson, 1989b). Nationwide, teachers average about $500 per year

more in purchasing power. However, Indiana teachers lag behind the national average

by about $1,500, and the state ranks 26th in average teacher salaries. One estimate of

1986 average Indiana teacher salaries found an increase of only 0.3 percent from the

1969-70 salaries, when adjusted for inflation. And "average" salaries do not reflect the

high variation in beginning teacher salaries, high teacher attrition rates, and reluctance

to hire experienced but costly veteran teachers.

Graduations from Indiana high schools are estimated at 64,000 for 1988, a decrease

of 15.9 percent from the 1980-81 school year. In spite of decreased high school

enrollments over the last decade, colleges and universities overall have sustained a 1.2

percent enrollment growth since 1980 through a higher percent of high school graduates

entering college and the return of older or "non-traditional" students. Of 256,264 post-

secondary Indiana students, 215,091 were undergraduates, 5,489 were in professional

schools, and 29,598 were in graduate programs in 1988. Full-time-equivalent college

enrollment per 1000 capita is 47.7, which ranks Indiana 31st. Total U.S. college

enrollment in biological sciences is 47,878 for 1985, down 3.4 percent from 1977. In

1988, Indiana college degrees of four years or more in life sciences comprised 3.3

percent of degrees, which is 30 percent below the national average. Physical science

college degrees in Indiana were 2.6 percent of total degrees, which is 18 percent above

national average (Table 2; Barbett, etal., 1988; National Center for Education Statistics,

1989).

BLOOD TYPING

It is impossible to move among public school biology teachers without being aware

of the massive retreat in the last few years from real blood-typing lab experiences that

have always yielded high student interest. Of the Indiana biology teachers surveyed, 22

percent still conducted such labs, and another 17 percent never did. Of the majority who
have stopped using the exercise, two-thirds indicated it was due to the "perceived danger

of AIDS transmission." While in some regions AIDS has served as a rationale for

interjecting much-needed sexuality education into the curriculum, it appears that blood-

typing labs have become a widespread "innocent victim." In summarizing the occur-

rence of contagious diseases for the United States, the Center for Disease Control (1987)

ranks AIDS 10th behind a formidable array of other diseases at 3.46 cases per 100,000

in the general public at large. With school children at far less risk for needle-abuse and

high-risk sexual practices, the dangers from various forms of hepatitis by blood

contamination remain far greater threats than AIDS. With the wide array of Pen-Let,

Auto-Let, and other blood self-sampling devices available with disposable lanclets,

changeable platforms, and sharps disposal containers, biology class blood-typing labs

remain easy-to-conduct, economical, and safe. Included in volunteered comments were

"possible legal problems by lawsuit-happy public." While a few respondents noted that

the "school doesn't allow it" or marked "orders from above," the main constraints on

blood-typing labs appear to be self-imposed.
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Table 2. Educational statistics (Council of Chief State School Officers, 1988; see text

for additional citations). Unless otherwise specified, all the data reflect figures for

Indiana.

Indiana Demography

Number of school districts

School-age population K-12,

1976

School-age population K-12

1986

Public elementary school

enrollment (K-8), 1986

Public secondary school

enrollment (9-12), 1986

Total instructional staff, 1987

Total elementary teachers, 1986

Total secondary teachers, 1986

Post-secondary students, 1989

Percent of adults with 4 years

high school, 1980

Proportion of adults with 4

years college, 1988

Gross-state-product-per-school-

age-child, 1986

Percent high school dropouts,

1986

Percent high school dropouts US,

1986

Spending per-pupil-in-

attendance,1970

Spending per-pupil-in-

attendance US, 1970

Spending per-pupil-in-

attendance, 1986

Spending per-pupil-in-

attendance, 1987

Spending per-pupil-in-

attendance US, 1987

Spending per-pupil-in-

attendance, 1988

Spending per-pupil-in-

attendance US, 1988

Teacher Salaries

Amount or % State Rank

305 20th

1,293,000 13th

1,084,000 13th

653,613

313,167

58,906

24,246

23,554

256,264 13th

66.4% 34th

13% 42nd

$71,231 35th

23% 16th

29%

$2,144

$2,403

$3,275

$3,556

$3,977

$3,761

$4,386

1985 average teacher salary $22,854 21st
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1 986 average teacher salary

1986 average teacher salary, US
1987 average teacher salary

1987 average teacher salary, US
1988 beginning teacher salary, US
1988 average teacher salary, US
1989 average teacher salary, US

Vol. 100(1991)

$24,248 24th

$25,240

$25,191 26th

$26,698 —
$18,557 —
$28,085

$29,567 —
SAT scores Indiana US Rank

Average

Average

Average

Average

Average

Average

Average

combined, 1978

combined, 1983

combined, 1987

combined, 1988

combined, 1989

verbal, 1989

math, 1989

870 897 ____

864 893 —
874 906 —
870 904 —
871 903 —
412 427 46th

459 476 47th

COMPUTERS

Computers were available at nearly all the respondents' schools for some student or

faculty use. About three-fourths of the teachers made use of them for test writing or

grade keeping. Student usage was low for drill-and-practice in day-to-day lessons and

higher for simulations, report-writing, data management, remediation, and interfacing

with real experiments. A more perceptive survey instrument is needed for determining

the extent to which these uses occupy the students' classroom time.

An attempt to pinpoint whether computer time detracts from lecture or lab time was

not successful. If all class activity is generalized into either lecture/discussion or lab

activities, any in-class computer activity would take away from one or the other.

However, nearly half of the respondents perceived computer use as coming from some

other activity allotment. Since there is no indication that extra class time was made

available (indeed, many Indiana schools have shortened class period length), future

surveys will have to more accurately define when computer use is occurring.

Most respondents indicated the cost of computers was not subtracted from science

budgets. Some bought computers on grant money or by science club fund-raising.

Many noted that hardware was externally funded, but software was bought within the

science budgets as a classroom supply. It was commonly volunteered that one computer

for a class of students was restrictive and a lack of multiple copies of software was a

"frustrating issue." Computer rooms were often overbooked. Several respondents

indicated that very little software is valuable enough or designed well enough to deserve

class time. Most consider the computer to be another tool similar to the typewriter and

do not see it as a threat to real science experiences.

FIELD TRIPS

Field trips are conducted by nearly all science teachers. However, over half of the

respondents have "substantially reduced" the number of field trips and do not take all the
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field trips they judge they need. The three main reasons underlying this cutback were:

1) administrative red tape, insurance, and forms; 2) the financial cost of field trips; and

3 ) state "time-on-task" regulations. Several noted that the availability of new nature

centers on school grounds fulfills some field experience needs and relieves some

liability and time-on-task concerns.

Worry over liability underlies much of administrators' concern, according to a

recent national NASSP survey of principals (Rothman, 1989). Although few schools

have been involved in lawsuits, many officials have "...acted to reduce their risks out of

fear of potential losses." Across the nation, class field trips ranked third (behind

gymnastics and diving/scuba) as activities terminated due to liability concerns. Field

trips rated second (behind PE/gym) among in-school programs "modified." Among 190

principals, there were 14 cases of lawsuits involving field trips, three instances of high

premiums, and three cases where no insurance was available for field trips, all during the

last two years. In this state survey, a common attitude may be summarized by one

teacher's write-in comment on field trips: "administration frowns on them—hassle." It

is apparent that preservice teachers will have to have a solid understanding of the

irreplaceable educational benefits of fieldwork, if such studies are to remain part of

public school science teaching.

When time-on-task regulations were promulgated in Indiana, attendance at IAS

Junior Academy of Science meetings plummeted, and some school teachers reported

attending Academy meetings on personal time at their own expense. While this is

supposedly not the intent of these regulations, and teacher and student attendance at

Junior Academy of Science meetings has rebounded, it is obvious that a substantial

number of Indiana school administrators are still using time-on-task to curtail science

field trips.

METHODOLOGY

Indiana science teachers remain committed to laboratory work and feel they use

problem-solving techniques and open questions. About half cover science career

information, commonly inserted as blocks in current textbooks. Over one-fourth

incorporate science/technology/society (STS) issues, also often "blocked" in textbooks.

While 97 percent took field trips at some time, only one-fourth are making "increased

use of field trips. Educationist innovations such as Madeline-Hunter-style lesson plans

(mandated in Texas and elsewhere), effective schools research, co-op and peer teaching,

and writing-across-the-curriculum are not common in Indiana science classrooms.

NEW GRADUATION REQUIREMENTS

Many states, including Indiana, required only one year of high school science to

graduate in the 1970's. Indiana joined in the movement to increase requirements for

graduation (19.5 Carnegie units overall to include 2 years of science). In 1988, three

states required three years of science, 30 required two years, and 1 8 still required less

than two (count includes the District of Columbia). Not all Indiana schools had dropped

to requiring only one-science-to-graduate (estimated at near 10 percent in this survey).

However, according to Colglazier (personal communication), nearly 40 percent of
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Indiana students graduated with only one science during the 1970's. Indiana schools are

consolidated and do not have a large number of small schools with small science class

enrollments that could absorb a doubling of students.

It is presumed that the original intent of the increase to two-sciences-to-graduate

was to increase students' minimum science exposure without canceling advanced

science classes or shortening or overcrowding introductory science classes. If these

quality factors are held, then this mandate would require that new science faculty be

hired to provide additional classes to accommodate a number of students roughly equal

to 40 percent of the graduating class. Since there has been a sharp reduction in science

teacher production at Indiana universities and colleges in the last 20 years, this should

have caused a dramatic shortage of certified science teachers. However, a survey by

Harty and Kloosterman indicated "no general shortage of certified biology, chemistry,

or earth science teachers in high schools" (Colglazier, 1988). This conclusion was

accepted by the Indiana State Department of Education despite challenges that the

figures were "invalid" (Schrock, 1986).

One recourse for many schools was to reduce "...the school day from one consisting

of six fifty-five minute periods to one of seven fifty minute periods...thus reducing the

instructional time required for science from 275 to 250 minutes per week...a loss of over

seven clock hours (72.9 vs. 80.2 clock hours) of instruction time per credit" (Colglazier,

1988). The movement to a 1 80-day school year restored two of the lost hours. While this

allows schools to stretch a science teacher to cover one more class, depending on the size

of the school, it still falls short of delivering the second course for a number equivalent

to 40 percent of the high school graduates.

Forty percent of the respondents indicated a legitimate resolution of the dilemma:

either they had not dropped to one science to graduate previously, or they had added

enough qualified faculty to cover the additional courses. Of the remaining 60 percent,

34 percent resorted to increasing introductory class sizes, over ten percent canceled

advanced classes, and others indicated various strategies, ranging from more classes per

day to simply giving seniors priority on the second science and temporarily postponing

the shortage. The loss of advanced classes is particularly worrisome, since this is often

the springboard that launches science-interested students into college, and advanced

courses with enthusiastic science students serve as rewards to keep our best science

teachers in teaching. Reduction in advance science classes and overcrowded introduc-

tory classes are not the intended consequences of the two-sciences-to-graduate regula-

tion.

These problems were also detected by a nationwide survey by the Center for Policy

Research in Education (Olson, 1989a), which found that the widespread increase in high

school graduation requirements was accompanied by scattered evidence of attempts to

"water down" the curriculum. In particular, their survey found cases where low-quality

academic classes replaced higher-quality vocational ones. Colglazier (1988) describes

the Indiana dilemma for an STS-type Principles of Technology course sequence that

gains science credit when taught by physics teachers but not when taught by vocational

teachers. Colglazier refers to other states where such STS "sciences" are taught by non-

science teachers, exposing another "legitimate" potential method of filling a science

teacher shortage with non-science teachers. According to comments on an Indiana

survey form in this study, this is already the case in Indiana: "...the 2-year requirement

of science has too many loopholes, allowing non-academic classes to count. Many of

the courses are a farce—freshman physical science for example..."



Vol. 100(1991) Indiana Academy of Science 59

While the previous criticism of the Harty and Kloosterman report (Schrock, 1986)

was based on observations by a few teachers that uncertified science teachers in their

local region exceeded estimates reported for the whole state, the failure of the doubled

graduation science requirement to create a science teacher shortage reinforces the

assertion that the reported certification levels (98.6 percent in biology; 97.3 percent in

chemistry; 96.7 percent in earth sciences; 92.7 percent in general science; and 89.2

percent in physics (Colglazier, 1988)) are seriously inflated by school administrators

and useless for decision-making. Strategies for covering up uncertified teachers and

science shortages in Kansas include: renaming a course to justify another certification

(i.e., physics changed to physical science), listing a certified teacher as overseeing a

course actually taught by an uncertified teacher, and declaring no shortage if a course is

not offered. To detect which strategies are used in Indiana, and to what extent, would

require a more detailed open-ended survey of teachers.

LAB SAFETY

All Indiana teachers reported conducting labs, and most spend substantial time

instructing students in lab safety. The practice of requiring students to sign a statement

that they have read and understood safety procedures is a new legalism unheard of 20

years ago, yet found in over 40 percent of Indiana science classrooms today. Such forms

do not protect teachers who are negligent but may dissuade some parties from consider-

ing legal action. One-third of the science teachers firmly assert that safety rests solely

in their professional planning and care. Nine percent purchased liability insurance, and

another 8 percent indicated they were covered via Indiana State Teachers Association or

school-purchased insurance.

Obviously, science teachers are responding to an atmosphere of heightened con-

cern over liability. This was reflected in the NASSP national survey, already men-

tioned in the field trip discussion, where out of 190 principals, 15 indicated they had

modified policies on science labs, including "...eliminating the use of certain chemicals

in science laboratories," nine had lawsuits related to science labs, and four attributed

high insurance premiums to laboratory work during the last two years (Rothman, 1989).

VIDEOTAPES AND BROADCAST PROGRAMS

All schools are likely to have VCR's, although over one-fourth of the respondents

indicated the numbers were inadequate. Some teachers elaborated, explaining how six

film projectors were replaced by two VCR's, resulting in overbooking and no flexibility.

In addition, VCR repairs apparently take the machine out of commission for longer

periods than movie projector repairs. Administrators often bought units with no counter

or auto-stop in order to save a few dollars but thereby discarding the major advantage of

VCR's in excerpting material.

The survey also indicated serious gaps in some teachers' knowledge of off-air

taping and copyright regulations. Only half expressed comfort in privately off-air taping

for playback at home, a fully legitimate practice. However, over half felt they could

"off-air record TV science programs and use them in appropriate classes through the

school year." While a few programs are explicitly produced and promoted for free

teacher-videotaping and use in class, most programs such as NOVA and Nature are

distributed commercially. While broadcast programs may be taped and used for ten
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class days and evaluated for 45 calendar days, it is likely many teachers trained in the

pre-VCR era are not aware of the intricacies of this not-so-new copyright arrangement.

At the other extreme, some schools legalistically prohibit teachers from using any home-

recorded tapes, needlessly depriving students of much up-to-date high-interest science

programming.

DISSECTION

Among Indiana biology teachers, a majority continue to use dissection, although

four percent never did. However, 40 percent have decreased or halted dissection use.

Among those who cut back or stopped, two-thirds reported cost as the main factor.

However, 45 percent cut back due to animal rights and public relations concerns.

Comments volunteered in the survey included: "no time to do labs," "in past we
dissected 4 organisms...we are discontinuing," "curriculum more cellular oriented,"

"use live animals for observation." This issue deserves close scrutiny in future surveys,

including analysis ofthe effect ofthe new National Association ofBiology Teachers' policy

discouraging dissection.

EVOLUTION AND CREATIONISM

Nearly two-thirds of the respondents consider evolution/creationism to no longer be

a classroom issue. However, one in five teachers favored "equal time" for creationism

in science classes, and one-in-five (not exactly the same respondents, but much overlap)

felt their textbooks did not provide adequate coverage of creationism. While some

volunteered "I do NOT teach creationism", 5 percent indicated it would be unwise to

discuss evolution in science class and comments included: "school adopted policy

statement
—

'one of many possible theories'," "my fellow biology teachers do not wish

to teach a unit on evolution... I manage to work it into genetics, anatomy, ecology."

While the interest in creationism among this sample of Indiana science teachers is

low, comparable levels for flat earth theory in earth science or astrology in astronomy

would be alarming. A more extensive survey is needed in the future to probe the extent

creationism is purveyed in earth science, astronomy, and biology classes.

FUTURE

The final survey question indicated that many teachers plan to take additional

coursework and that they feel they need more science content coursework as compared

to education methodology.

In some states, 40 percent of the certified teachers no longer teach in public schools.

Nationwide, five out of ten teachers leave teaching within the first five years, and seven

out often within the first ten years. The 1 1 percent planning to leave or retire within the

next five years indicates that this sample of Indiana science teachers is comparatively

stable. When the Indianapolis Star surveyed residents early this year, they found 41.6

percent felt educational quality had remained level, while 19.8 percent said it had

deteriorated. This survey found 23 percent of science teachers felt the school situation

and the teaching profession would get worse, 29 percent felt it would stay the same, and

43 percent anticipated it would improve.
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"FUTURES-DRIVEN EDUCATION"

The Indiana Department of Education issued a statement on "futures-driven cur-

ricula" in their "Local Schools Use of the Indiana Proficiency Guides" publication

(unpublished initial draft, 1986). That section stated, "The lecturing of facts to students

will certainly lose its usefulness. With information readily accessible, the task of

education is to provide opportunities for students to develop skills in accessing and using

information...." Content is not totally abandoned, the guidelines state, "...but becomes

the matrix to be manipulated...We must think about something...and that is where

information comes in." The Indiana Academy of Science responded in the 1988 annual

meeting with the following resolution:

WHEREAS the subject matter of the sciences, such as factual content and concepts

is based upon skills for observation, experimentation, and thinking, and since both

subject matter and skills are necessary to the science and science education, and

WHEREAS state educational proficiency statements for science now indicate only

the skills expected of a student, rather than skills and knowledge base as mandated

by IC 20-10.1-16-1, BE IT RESOLVED that the Indiana Academy of Science

recommend to appropriate state officials that proficiency statements be established

for a knowledge base of science, in addition to the proficiency statements for skills

of science..., and BE IT RESOLVED that the Indiana Academy of Science

recommends to these state officials that the Indiana Statewide Testing for Educa-

tional Progress include components which evaluate knowledge of subject matter in

science separately from evaluation of science skills.

The action by the Indiana Academy of Science may be a unique case where a group of

scientists publicly opposed the trivialization of content knowledge in public school

curricula.

BIOLOGY TEACHER SUPPLY

In the last 20 years, the percent of college graduates entering teaching has dropped

from 24 percent of total graduates to 4 percent and then risen in the last four years to

about 6 percent and leveled off. Some of this decline has been attributed to new

vocational opportunities for women, with medicine and law draining off some of the

most capable students, who would otherwise have entered teaching. While teaching still

attracts some high achievers, numbers show that today's teaching candidates are, on the

average, being drawn from a "lower cut" of the student population than before.

To determine if biology teacher production in 1989 has returned to 1968 levels and

to assess the amount of biology content preparation for secondary biology teachers, a

simple one-page query was sent to Indiana colleges and universities. In addition, Gary

Gray, Manager of Data Base Systems for the Indiana Commission for Higher Education,

provided numbers of college students certified under the "classification of instructional

programs" (CIP) number 131316 (science education) and CIP-number 260101 (biol-

ogy). These figures, summarized in Table 3, indicate that biology teacher production is

about one-fourth the 1968 level. Additionally, larger research universities in Indiana

generally have below-average biology content in biology teacher programs, a feature

also found for Kansas (Schrock, 1 989). One respondent noted that students who pursued



62 Science Education: Schrock Vol. 100(1991)

Table 3. Biology teacher production at Indiana colleges and universities as self-reported

for 1989 (and State data for 1988, personal communication with Gary Gray, Indiana

Higher Education Commission).

Number of Number of Number of Production

graduates sem. hours sem. hours compared

1989 "Majors" "Minors" to 1968

Ball State University

(State data, 1988) 12 ~ -- --

Earlham University 2 30 30 lower

Grace College

(State data, 1988) 3 - ~ ~

Hanover College 2 8 courses -- --

Huntington University 1 34 -- --

Indiana State University 5 24 19 1/4

Indiana University-Bloomington 35 24 15 1/4

Indiana Wesleyan University 30 15-16 1/2

Manchester College

(State data, 1988) 2 -- -- ~

Saint Joseph College 36 15 same

Southern Indiana University 2-3 24 -- NA

Taylor University 2 35-37 25-27 1/4

(State data, 1988) 3 -- -- -

Tri-State University 45 qt. hrs. 16? NA
(State data, 1988) 1

- ~ ~

University of Indianapolis

(State data, 1988) 5 ~ -- -

Valparaiso University 3 28-32 24 1/4

Wabash College 36 20 varies

NA = not applicable (no program in 1968).

the stronger liberal arts and science program and then decided to gain teacher certifica-

tion were generally better teacher candidates, and that students certified through the

School of Education route "...do not receive enough science to become effective

teachers unless they are good students with the capacity to learn through independent
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study." This problem of weaker content programs in larger universities may be due to

schools of education or teacher's colleges maintaining more control over their teacher

training programs and to research university content faculty preoccupation with re-

search and graduate teaching.

A shift in biology teacher training has also occurred, with most teachers coming

from the largest university and its branch campuses, but with several small new

campuses now producing teachers. The mid-size universities that were the traditional

normal school or teacher's college for Indiana are not as dominant as they once were.

Ball State University, which in the mid-60' s probably produced the most teachers in the

U.S. when both bachelors and masters degrees are counted, operates at one-fourth that

production today.

ORGANISMIC BIOLOGY

A major factor impacting the nature of biology training received by Indiana biology

teachers is the rapid conversion from organismic to molecular biology at Indiana

colleges and universities (Schrock, 1989). In a survey published earlier this year,

organismic biologists on 1968 and 1988 biology faculties at Indiana colleges and

universities were tallied based on catalogs and faculty member reports. The subjective

analysis concluded "...in at least half of Indiana colleges, zoology and botany courses

appear to be taught by biochemists, theoretical ecologists, and other biologists not

familiar with the life history and systematics of organisms."

While the effect of changing biology departments into "gene-splicing companies"

includes both a loss of collections and library subscriptions and an increase in textbook

and research errors in organismic biology, the major concern remains the training of

biology teachers in biochemistry while shortchanging organismic biology. In 1988, a

motion "That the Indiana Academy of Science urge both the Indiana State Department

of Education and the National Science Teachers Association to no longer approve

secondary biology teacher programs at Indiana colleges and universities that do not

interface secondary pre-service teachers with one bona-fide zoologist and one bona-fide

botanist in their college coursework" did not survive the Indiana Academy of Science

Resolutions Committee. "Bona-fide" zoologists and botanists were defined as biolo-

gists with an understanding of the systematics of the appropriate group, including a

demonstrated ability to identify organisms, and with a working knowledge of the life

history and whole-organism biology of some members of that group.

CONCLUSION

For Indiana scientists to gain a representative view of the condition of science

education in Indiana, it is necessary to examine objective data portraying the actual

conditions of science learning in the state. Some surveys are seriously inflated, while

others fail to ask questions that yield relevant information. Anecdotal cases provided by

public school science teachers, who attend Indiana Academy of Science meetings,provided

the first indication of the seriousness of many trends in Indiana, including abandonment

of blood-typing labs, reducing field trips because of time-on-task regulations, and the

many unintentional negative effects from the new science graduation requirements.
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State Department of Education staff and public school administrators need to

clearly resolve whether time-on-task regulations can legitimately be used to curtail

science field trips, and this needs to be broadly communicated to the extent necessary to

deny legitimacy to misrepresentation. Preservice and inservice programs need to

provide teachers with in-depth professional understanding of copyright regulations for

print and other media sufficient to make blanket school regulations unnecessary.

Some concerns, such as the restriction of scientific collecting permits for teaching

use, will require a larger survey to reach a sufficient numbers of teachers, who taught 20

years ago when such permits were available. It is also too soon to assess the impact of

the American Association for the Advancement of Science report recommendation to

"teach less science" or the new National Association of Biology Teachers' position

discouraging dissection in the classroom.

Future surveys need to address a wider range of issues affecting sciences other than

biology. A more detailed probe should be made of lab safety concerns and liability

cases. In areas of rapid change, such as AIDS and creationism/evolution, the same

questions need to be used again to measure the change in reported practices over time.

The well-intentioned state proficiency levels hold the potential of reducing science

classes to teach-to-the-test assembly lines, and their effect needs to be monitored

closely. Just as physicians best know the state of citizens' health, classroom science

teachers are the richest source of information on Indiana science education.

LITERATURE CITED

Barbett, S.F., R. Korb, and M. Black. 1988. State higher education profiles: A comparison of state higher

education data for FY 1986. Center Ed. Stat., Washington, D.C., 529 pp.

Bien, C. 1988. Volunteer scientists in the classroom. Amer. Sci. 76 (5): 445-447.

Center for Disease Control. 1987. Summary of notifiable diseases United States 1985. Morbidity Mortality

Weekly Rep. 34 (54): 16.

Colglazier, J.M. 1988. Current status and directions for K-12 science instruction in Indiana. //;: D.A. Jones and

N. Longenecker (Eds.), Science Education at the Crossroads, pp. 85-103, Indiana Acad. Sci., Indianapolis,

Indiana, 128 pp.

College Board. 1989. Fact file: Average SAT scores by state, selected years. Chronicle Higher Ed. 36 (3): A38.

Council of Chief State School Officers. 1988. Schooling in the states: A fiscal and demographic profile. Educ.

Week 7 (22): 12.

Hively, W. 1988. How much science does the public understand? Amer. Sci. 76 (5): 439-444.

Lapointe, A., N.A. Mead, and G.W. Phillips. 1989. A world of differences: An international assessment of

mathematics and science. Educational Testing Service, Princeton, New Jersey, 95 pp.

Lewenstein, B.V. 1988. Why isn't popular science more popular? Amer. Sci. 76 (5): 447-449.

Meyer, R.W. 1987. Insects and other arthropods of economic importance in Indiana in 1986. Proc. Indiana

Acad. Sci. 96: 291-295.

National Center for Education Statistics. 1989. Fact file: Fall 1987 enrollment in U.S. colleges and universities.

Chronicle Higher Ed. 35 (42): A24.

National Education Association. 1987. Rankings of the states, 1987. Nat. Ed. Assoc, Washington, D.C.

. 1988. Survey and analysis of salary trends, 1988. Nat. Ed. Assoc, Washington, D.C.

Olson, L. 1989a. Questions raised on efficacy of stiffer math, science graduation requirements. Educ. Week 8

(21): 5.

. 1989b. Rise in average teacher salary continues to outpace inflation. Educ. Week 8 (27): 8.

Rothman, R. 1989. Fear of lawsuits spurs courts to cut programs: Majority of principals say schools affected.

Educ Week 9(1): 1,32.

Schrock, J.R. 1986. Letter to the Editor: On the issue of science education in Indiana. Indiana Acad. Science

Newsletter 52: 9, 12.

. 1989. Pregraduate education in systematics and organismic biology. ASC Newsletter 17: 53-55.

United States Department of Commerce Bureau of the Census. 1988. Projected changes in the number of high-

school graduates 1988-89 to 1998-99. Chronicle Higher Ed. Almanac 35 (1): 5 (map).



Proceedings of the Indiana Academy of Science

(1991) Volume 100 p. 65-75 65

REPRODUCTION IN THE SPOTTAIL DARTER IN

INDIANA: USE OF ARTIFICIAL NEST SITES

James H. Bandoli, James T. Lanigan III, and Tod A. Sheckles

Department of Biology

University of Southern Indiana

Evansville, Indiana 47712

ABSTRACT: The spottail darter (Etheostoma squamiceps), an Indiana special concern species, is

found in a few small streams in the extreme southwestern portion of the State. This species uses

rocks and other solid debris as egg deposition sites, and previous surveys have indicated that the

small populations and patchy distribution in Indiana may be due to a lack of suitable nest sites. This

hypothesis was addressed by adding 108 half-cylinder sections of ceramic tile to the experimental

halves of six stream sections containing spottail darters. Tiles and natural nest sites were checked

biweekly for spottail darter nests during the two month breeding season. Of the 386 E. squamiceps

nests located during the study, 122 (31.6%) were found under tiles. Experimental areas contained

significantly more nests per census than did reference areas. Tile use correlated negatively with rock

availability, indicating that rocks were preferred nest sites. The average nest contained 368 eggs, and

rock nests and tile nests did not differ significantly in the number of eggs per nest. Densities of

spottail darters were higher than expected from previous surveys but did not correlate with the

numbers of nests located. This observation, combined with the fact that the 142,000 spottail darter

eggs counted during this study represented approximately 13 times the predicted reproductive

output of the 167 darters captured during the post study census, suggests that darters migrate during

the breeding season.

INTRODUCTION

The spottail darter {Etheostoma squamiceps; Perciformes, Percidae), like other

members of the subgenus Catonotus, is an egg clusterer (Page, 1985), with males

defending rocks and other solid benthic debris under which females attach their eggs.

Females do not participate in nest site defense or egg maintenance. Spottail darters

range from northern Tennessee through western Kentucky, with the farthest northern

populations in southern Illinois and southwestern Indiana (Braasch and Mayden, 1985).

The first Indiana record of E. squamiceps was by Jordan ( 1 890), who found them only

in Gresham's Creek and Black River in Posey County. Subsequent surveys of the area

either failed to locate any spottail darters (Gerking, 1945; Kozel, et al, 1980) or found

relatively small, scattered populations. Page, et al. (1976) found only two spottail

darters at 18 sites in Posey County and speculated that increasing siltation due to

agricultural run-off and the lack of slab rocks used for breeding sites limited population

sizes and distribution in southwestern Indiana. Grannan and Lodato (1986) found

spottail darters at two sites in Posey County and four sites in the Bayou Creek drainage

in adjacent Vanderburgh County, a range extension confirmed by Cervone, <?/«/. (1989).

The small populations and limited distribution earned the spottail darter a special

concern status by the Indiana Department of Natural Resources (Indiana Discretionary

Order W-12, revised August, 1984), although Whitaker and Gammon (1988) recom-

mended the status be upgraded to endangered.

Spottail darter abundances in the tributaries of Bayou Creek do not seem to be

strongly influenced by water chemistry (pH, dissolved oxygen, salinity, and conductiv-
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ity; Bandoli and Leatherland, pers. obs.) despite the oil drilling activities and effluent

discharges common in the drainage. Casual inspection of several sites with and without

darters seemed to support the nest site limitation hypothesis of Page, etal. (1976), since

areas with the largest populations generally had more rocks or other solid debris

available as potential breeding sites. Previous studies with egg-clustering darters

(Lindquist, et ai, 1984) and other benthic fishes (Downhower and Brown, 1977) that

reproduce under solid benthic structures have found that artificial nest sites added to the

streams were readily used. The goals of this study were (1) to quantify reproduction in

E. squamiceps using natural nest sites in southwestern Indiana and (2) to evaluate the

nest site limitation hypothesis through the addition of artificial nest sites to sections of

two tributaries of Bayou Creek.

METHODS

Bayou Creek drains approximately 80 km2
in Vanderburgh and Posey Counties in

extreme southwestern Indiana. Six study areas (stations) were chosen on the basis of

abundance of spottail darters following intensive seining in January, 1988. Three

stations were located on Carpentier Creek, a first-order tributary of Bayou Creek

draining suburban areas interspersed with bottomland hardwood woodlots. The remain-

ing three stations were located on Sander's Creek, a first-order tributary of Bayou Creek

which drains agricultural land. All stations were slow-flowing (2.7 m3
to 6.5 m3/min)

and turbid with similar average widths (1.3 m to 1.8 m) and depths (0.1 m to 0.2 m).

Station lengths ranged from 12 m to 41 m.

Spottail darters were censused in February 1988 using 4-mm-mesh minnow seines.

Each station was subdivided into small sections that were seined (including dislodging

of benthic debris) repeatedly until no more darters were captured. Darters were

measured (standard length), held in stream water in plastic bags until the entire station

had been censused, and returned to within 5 m of their capture sites. Age was estimated

from standard lengths based on data from Page (1974). Spottail darters less than 4 cm
long were considered yearlings, those between 4 and 6 cm long were 1 to 3 years old, and

fishes over 6 cm long were classified as 3 years old or older. Following this census, each

station was divided into 2 subsections of approximately equal lengths and densities of

spottail darters. Subsections were randomly designated as reference or experimental at

stations 1 to 4. At stations 5 and 6, one subsection at each station lacked rocks (potential

nest sites) and was therefore designated as experimental.

Artificial nest sites (hereafter called tiles) were cut from 10 cm diameter ceramic

field tile, with each tile a half-cylinder 15 cm long. Laboratory observations in 1987

confirmed that spottail darters would use tiles as hiding sites, and one naturally

occurring E. squamiceps nest was found on the underside of a piece of broken field tile

in April 1987. During the last week of February, tiles were individually marked and

placed in the experimental halves of each station in sets of two, with one tile oriented

with and one against the current. Sets were placed at 1 m to 2 m intervals and, where

possible, pushed 1 cm to 2 cm into the substrate, leaving approximately 185 cm2 of

surface area on the concave underside of each tile available for egg attachment. Ten sets

were placed at the four longest stations; eight sets and five sets were placed at the two

shorter.

Censuses for darter nests began on 10 March 1988 and continued biweekly through

17 May 1988. Each census consisted of checking the undersurfaces of all tiles, rocks



Vol. 100 (1991) Indiana Academy of Science 67

Table 1. Spottail darter census data from 1988 and 1989. Numbers are darters caught in

reference and experimental sections at each station. Numbers in parentheses are densities

(darters per square meter of stream).

Census Station

1 2 3 4 5 6

February, 1988

Total 6 30 4 30 46 20

(0.31) (0.43) (0.06) (0.80) (0.93) (0.48)

Reference 3 18 2 15 25 10

(0.31) (0.48) (0.07) (0.68) (0.88) (0.43)

Experimental 3 12 2 15 21 10

(0.31) (0.37) (0.05) (0.93) (1.00) (0.55)

May, 1988

2

Total (0.10) 46 27 19 59 14

(0.00)

(0.66) (0.41) (0.51) (1.19) (0.34)

Reference 29 10 6 34 9

2

(0.21)

(0.78) (0.35) (0.27) (1.19) (0.38)

Experimental 17 17 13 25 5

(0.53) (0.45) (0.85) (1.19) (0.27)

February-March, 1989

38

Total (1.98) 65 55 62 71 35

(0.88) (0.87) (1.66) (1.34) (0.84)

21

Reference (2.19) 27 30 42 33 22

(0.68) (1.10) (1.90) (1.09) (0.94)

17

Experimental (1.77) 38 25 20 38 13

(1.11) (0.70) (1.31) (1.70) (0.71)

(>10 cm in diameter), and other debris at each station for the presence of spottail darter

eggs. In our study areas, only the bluntnose minnow (Pimephales notatus) deposits eggs

in a manner similar to E. squamiceps (Trautman, 1 98 1 ). Spottail darter eggs were easily

distinguished from those of bluntnose minnows on the basis of color (orange versus

gray) and size (average egg diameter for E. squamiceps is 1 .9 mm versus 1 .4 mm for P.

notatus (Bandoli, unpubl. data)). Spottail darter eggs were counted directly or photo-

graphed and counted from projected slides. Nests were out of the water for 1 minute or

less, and all rocks and tiles were returned to their original positions. The presence of

spottail darters under tiles was also noted. An additional nest census was conducted on

23 May followed by a darter census using the same methods as in February. Tiles were

moved during this census and replaced afterwards. Darters were again censused at each

station in February and March 1989 to determine if nest site addition had a significant

effect on subsequent population size or composition.
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Figure 1. Percent frequencies of age classes in the 1988 and 1989 spottail darter censuses estimated from

standard lengths (Page, 1974). Darters 4 cm or less (shaded bars) are in their first year; those between 4 cm
and 6 cm (unshaded bars) are between 1 and 3 years; daters greater than 6 cm (black bars) are at least 3 years

old.

RESULTS

Darter censuses. Rainfall was consistently low during the study, averaging 38%
below normal levels. Streams maintained a relatively constant width and depth, and

February width and depth measurements were therefore used for all 1988 density

computations. These parameters were re-measured for the 1989 density estimates.

The February 1988 census yielded 136 individuals of E. squamiceps, with densities

ranging from 0.06/m2
to 0.93/m 2 (Table 1). The dominant age class was 1 to 3 years old,

followed closely by the yearling cohort (Fig. 1). In the May 1988 census, 167 spottail

darters were captured, an increase of 22.7% over the February census. The gain was not

consistent, as three stations (1, 4, and 6) declined in total numbers of darters (Table 1).

Overall, densities increased slightly from an average of 0.5/m2
in February to 0.54/m2

,

although the difference was not significant (Student's t-test, t = 0.2, P < 0.9). Age

structure changed in the expected direction, as most yearlings passed 4 cm in standard

length and entered the next age class. The February-March 1989 census yielded 326

spottail darters, a 139.7% increase over the February 1988 census. The increase was

consistent across all stations, and the average density (1.26/m2
) was significantly higher

than that observed during the previous February (t = 3.22, P < 0.01; Table 1). Virtually

all of the increase in spottail darter population density was due to the yearling cohort,

which increased from an average of 9.3/station to 42.2/station, a significant difference

(t = 4.24, P< 0.01; Fig. 1).

Nest censuses. No nests were found during the first census (10 March); thereafter,

spottail darter nests were found during each census (Fig. 2). A total of 386
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Figure 2. Spottail darter nests found in each census. Bars are totals across all stations.

E. squamiceps nests were located during the study, 122 (31.6%) of which were found

under tiles. The majority of the 264 natural nests were found under rocks; however,

bricks and other solid debris were also used on occasion, all of which will henceforth be

included in "rock" nest and nest site designations.

Mean water temperature per census ranged from 10.2°C on 10 March to 18.6° C on

23 May, averaging 15.7° C. Extrapolating from Page's (1983) data on the effect of

temperature on development in darters, the incubation period at this temperature was

approximately 13 days. As this approaches the 14-day interval between successive nest

censuses, it is possible that some nests were counted twice. To minimize this source of

error, photographs of darter nests under the same tiles at successive censuses were

compared, and nests which appeared to be the same were excluded. In cases where the

nests appeared the same but new eggs had been added since the previous census, only the

new eggs were counted. Rocks were not marked, however, which prevented compari-

sons of rock nests between consecutive censuses, thus allowing the possibility of

overestimation of the number of nests under rocks. If this occurred with the same

frequency as it did for tile nests (14.7%), then the rock nest total may have been closer

to 225 and the total nest count 347. Some of this potential overestimation may have been

balanced by rock nests missed due to periodic increases in turbidity, which occasionally

prevented us from locating all rocks at a station. (For this reason, rock availabilities

(below) are averages of the number of rocks checked per station rather than constants.

Conversely, all tiles were located on each census.) Since neither effect is accurately

quantifiable on a date- or station-specific basis, neither factor was used to adjust the

data.

The use of tiles as nest sites varied between stations (see sample sizes on Fig. 3).

None of the nests found at station 1 were under tiles, although on four occasions darters
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Figure 3. Average number of eggs per nest by type and station. Tile bars are averages of nests under tiles

oriented both with and against the current. Rock nests are from reference (R) and experimental (E) areas of

each station. Numbers above bars are sample sizes.

were found resting under the tiles. Tiles sheltered the majority of the nests at stations 5

and 6, both of which lacked rocks in the experimental sections. Tile orientation (with or

against the current) did not affect utilization as nest sites (59 and 63 nests, respectively);

these categories were therefore lumped in all subsequent analyses.

Experimental sections contained 234 nests (62.1% of the total), and outnumbered

control section nests at four of the six stations. From 25 March through 23 May, the

average experimental section contained 6.5 nests per census, which was significantly

more than the 4.2 nests per census found in reference sections (Student's t-test, t = 2.04,

P < 0.04).

The availability of rock nest sites averaged over all stations and censuses was not

significantly different between reference (0.87 rocks/m2
) and experimental (0.74/m2

)

sections (t = 0.27, P < 0.9; Table 2). The addition of tiles more than doubled the

experimental nest site density to 1 .68 sites/m2
, although the difference between average

experimental and reference section nest site densities was still not significant (t = 1 .44,

P < 0.2). Average use of rock nest sites was similar between reference (0.21 nests/m2
;

22.6% of the sites in use per census) and experimental (0.19 sites/m2
; 20.2% site usage)

sections. With the addition of tiles, experimental nest density increased to 0.33 nests/m2

with a site usage of 23%. The difference between reference and experimental nest

densities was not significant (t = 1.09, P < 0.4).

The experimental nest density per station averaged across all censuses exceeded

that of the respective reference sections at four of the six stations (Table 2). The

difference was significant at stations 2 (t = 2.46, P < 0.05) and 5 (t = 2.75, P < 0.05).

Average nest density per station correlated strongly with nest site availability in both
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Table 2. Summary of densities (per square meter of stream) of nest sites and spottail darter

nests found at each station averaged over six censuses between 25 March and 23 May,

1988.

Parameter

1 2 3

Station

4 5 6

Reference sections

Rock density 2.14 0.33 1.15 1.05 0.24 0.28

Nest density 0.52 0.07 0.36 0.23 0.02 0.08

Percent Use 1 24.4 20.5 31.0 21.6 10.4 27.7

Experimental sections

Rock density 2.06 0.27 0.28 1.80 0.00 0.00

Rock nest density 0.35 0.12 0.08 0.56 0.00 0.00

Percent use 1 16.8 46.2 27.0 30.9 0.00 0.00

Tile density 1.04 0.62 0.53 1.05 0.95 1.10

Tile nest density 0.00 0.09 0.13 0.12 0.29 0.25

Percent use 1 0.00 14.2 25.0 11.5 30.8 22.5

Total shelter density 3.10 0.89 0.81 3.24 0.95 1.10

Total nest density 0.35 0.21 0.21 0.68 0.29 0.25

Percent use 1 11.2 23.8 25.7 23.8 30.8 22.5

1 Percent use is determined as the average number of nests per census divided by the average number of nest

sites in each category.

reference (product-moment correlation, r = 0.98, P < 0.01) and experimental (r = 0.82,

P < 0.05) sections. A significant negative correlation existed between percent tile use

and both experimental section rock availability (r = - 0.87, P < 0.05) and overall rock

availability per station (r = - 0.85, P < 0.05).

Sixty-nine of the 106 tiles set were used as nest sites, 33 of which sheltered nests

more than once during the two month breeding season. Of these, 18 (54.6%) were used

as nest sites twice, 12 (36.4%) were used three times, and three (9.1%) had four nests.

The average number of nests per tile over the entire breeding season varied from

(station 1) to 1.85 (station 5), averaging 1.04.

The average number of nests per rock, estimated by dividing the mean number of

rocks available by the total number of nests under rocks, was 1.61, with those in

experimental sections used slightly more than those in reference sections (1.99 and 1.35,

respectively). On four occasions, a rock was found sheltering two spottail darter nests

simultaneously, with the nests separated by substrate when the rock was in its original
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position. Nests per site (rocks and tiles combined) in experimental sections averaged

1.41, ranging from 1.01 at station 1 to 1.85 at station 5.

There were no significant correlations between the numbers or densities of darters

in the 1988 and 1989 surveys and the numbers or densities of nests or nest sites in

experimental, reference, or combined sections.

The average number of eggs per nest was 368.6 with a standard error of 16. 1. The

range was 4 to 2100, with a median number of 313. Tile nests contained an average of

352.6 eggs, while those under rocks averaged 376.2 eggs per nest. The number of eggs

per nest did not differ significantly between stations (Kruskal-Wallace test, chi2 = 2.48,

P < 0.8) or between nest types (tile nests, rock nests in experimental sections, rock nests

in reference sections; Kruskal-Wallace test, chi 2 = 1.8, P < 0.4; Fig. 3). The average

experimental section nest contained 341.6 eggs, which was not significantly different

from the 41 1 .4 average in reference sections (Mann-Whitney U-test, z = 1.22, P < 0. 1 1).

There was, however, a change in average nest size during the study. For the period of 25

March through 21 April, the average nest contained 456.6 eggs, significantly more than

the 304.4 average for the May censuses (Mann-Whitney U-test, z = 4.82, P < 0.001).

An average of 0.7 (4%) of the tiles at each station sheltered spottail darters without

nests at each census period. One observation involved two darters under the same tile;

the remaining 29 were solitary. Of the 122 nests found under tiles, 54 also contained

spottail darters: 49 were solitary, four involved two darters, and one, three.

DISCUSSION

The primary objective of this study was to determine whether the spottail darter, a

special concern species, is limited by a lack of nest sites in southwestern Indiana. The

heavy use of the artificial nest sites (31.6% of all nests) clearly affirms this limitation, as

each tile added to the drainage increased reproduction by an average of one new nest.

Moreover, tile use increased where rock availability was lowest, being particularly

evident at stations 5 and 6 which had the fewest natural nest sites. However, rocks

appeared to be the preferred nest sites. The average rock sheltered more nests over the

course of the breeding season than did the average tile, and the percent utilization of tiles

was lower (although not significantly) than that for rocks. Additionally, many rocks

were not suitable as nest sites due to position or lack of access to the undersurface, such

that those rocks capable of supporting nests were used to a greater degree than the data

indicate. Therefore, while the addition of tiles did significantly increase the number of

E. squamiceps nests in experimental sections relative to reference sections, the darters

appeared to prefer rocks as nest sites.

Both the mud darter {Etheostoma asprigene) and the slough darter (E. gracile)

occur in Bayou Creek (Cervone, et ai, 1989), but both attach their eggs to vertical

surfaces (Cummings, et ai, 1984; Page, 1983) and therefore do not compete with E.

squamiceps for nest sites. The bluntnose minnow (Pimephales notatus) is a potential

competitor for nest sites as it is common in the areas studied and also attaches eggs to the

undersides of benthic debris (Trautman, 1981). Nests of P. notatus were encountered

during this study under both rocks and tiles but were found only in mid and late May,

well after the peak in spottail darter reproduction. It is therefore doubtful that the

addition of nest sites released E. squamiceps from strong interspecific competition. It is

more likely that nest site addition relaxed intraspecific competition, allowing either

more male spottail darters to obtain nest sites or individual males to defend nest sites for
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a longer period.

The average number of eggs per nest (368.6) found in this study was smaller than the

449.2 average found by Page (1974), although the ranges were similar (8 to 1500, Page,

1974; 4 to 2100, this study). Rocks and tiles had similar average nest sizes despite the

fact that tiles offered a relatively consistent surface area for egg deposition (185 cm2

)

while rocks used as nest sites ranged from small half-bricks (95 cm2
) to large stones with

over 1000 cm2 of undersurface area, indicating that the surface provided by the tiles was

adequate for most nests.

Some of the variation in nest size was due to censusing nests at different stages of

formation. Many small nests may have contained only a partial clutch while others

contained clutches from several females. Spottail darters practice a form of resource

defense polygyny {sensu Emlen and Oring, 1977), with males defending nest sites

visited by several females (Page, 1974). While the degree of polygyny and variation in

male reproductive success is not known, some estimates are possible. The number of

mature ova in a reproductive female ranges from 28 to 357, averaging 109.6 (Page,

1974). Assuming each female spawns once each year (supported by Page, 1983; but see

Hubbs, 1985) and deposits all mature ova, all nests with 1 10 or more eggs (75.6% in the

current study) may represent multiple clutches. The average nest (368 eggs) may
therefore contain three clutches. The degree of polygyny may be even higher, if the

same male defends a nest site long enough to hatch more than one set of multiple-clutch

eggs. The addition of tiles may have relaxed the normal degree of polygyny by

providing more nest sites, possibly allowing more males to breed simultaneously. This

may partially explain the smaller average nest sizes in experimental areas relative to

reference areas. Similarly, the decline in nest size in the latter half of the breeding

season may be due to a decrease in the number of females contributing eggs to each nest

or, alternatively, a decrease in the number of eggs laid per female. Since size and mature

ova content are correlated (Page, 1974), it may also be that the larger (i.e., older) females

are breeding earlier.

The large number of spottail darters found in this study is surprising considering the

small populations found in previous efforts in southwestern Indiana. Page, et al. (1976)

found only 2 E. squamiceps in extensive seining in Posey County. Grannan and Lodato

(1986) found spottail darters at 6 of 46 localities in Posey and Vanderburgh Counties,

with four of these sites yielding less than 10 darters each despite multiple seining efforts.

Cervone, et al. (1989) collected spottail darters at 6 of 26 stations in these counties, but

caught an average of only 3.7 darters per station at those stations yielding darters.

We captured an average of 25 darters per station over all stations and censuses in

1988. The difference may be due to two factors. First, variations in seining techniques

could give different population estimates. The benthic habits of darters make them

difficult to seine, and we found that single or a few seine passes through an area

generally yielded only a few darters per pass, but multiple passes through the same area

could accumulate relatively large numbers. Additionally, areas with moderate to large

rocks are inherently difficult to seine efficiently for benthic organisms. Previous studies

designed as surveys may therefore have underestimated the darter populations.

Second, there appears to be considerable temporal variation in darter abundance.

One area found by Grannan and Lodato (1986) to contain 27 spottail darters yielded only

one E. squamiceps in four surveys in 1987 and none in a single census in February 1988.

Similarly, station 1 contained an average of 14 darters in February and May of 1987, but

yielded an average of only 4 darters during the same period in 1988 despite more
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intensive seining during the latter year. Identical seining techniques and effort yielded

38 spottail darters at that station in March 1989. An area that yielded 15 darters in

February 1987 contained only a single darter a year later despite seining a much larger

area.

Page (1974) noted that young spottail darters disperse downstream but return to the

breeding areas at the end of their first year. Otherwise, migration appears to be limited

to movement between microhabitats (pools and riffles). Observations in this study,

however, suggest that adults may migrate also. Assuming an average clutch size of 1 10,

the over 142,000 eggs counted in this study would require nearly 1300 females. This is

over 13 times the number of females captured in the May 1988 census assuming a 1:1.3

sex ratio (Page, 1974). Clearly, darters are moving through potential breeding areas

during the reproductive season. For example, station 3 was seined intensively twice

during February 1988, and on both occasions, four individuals of E. squamiceps were

captured at the same sites within the station. Areas approximately 30 m long above and

below station 3 were also seined and did not yield any darters. However, the 109 nests

found at this station and the 27 darters captured in May 1988 attest to the local migratory

capabilities of this species. Clearly, some long-term monitoring of population size and

density of this species in southwestern Indiana is needed to distinguish between

population fluctuation and local migration.

The lack of correlations between densities of darters at different censuses or

between darter densities and nest densities is not surprising given the complications

presented by seining difficulties and local migration as described above. Similarly, the

increase in the yearling cohort at the six stations in 1989 may or may not represent the

spottail darters born at those stations in 1988, and therefore no conclusions can be drawn

regarding the direct effect of nest site additions on subsequent population size. The

number of under 4-cm darters captured at each station in 1989 did not correlate with

either total nests or tile nests in 1988. It is encouraging, however, that the only

significant change in population structure between years was an increase in the cohort

produced in 1988.
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FORD COUNTY, SOUTH-CENTRAL INDIANA
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ABSTRACT: Remains of a nearly full grown adult Jefferson's mammoth (Mammuthus columbi

jeffersonii) were recovered from fine-grained sediments on an Ohio River terrace in Crawford

County, Indiana. The skeleton was partially articulated in a sternally recumbent position, a "sudden

death posture" in modern elephants. The remains were badly disintegrated, and only a few elements

survived well enough for consolidation. Lamellar frequency, enamel thickness, and other dental

criteria support the identification of M. c. jeffersonii, the only species of mammoth as yet recovered

in Indiana. The exact age of the remains is uncertain, but there is evidence for middle Wisconsinan

deposition. The associated fauna was sparse but included remains of the heather vole (Phenacomys

intermedins) and the southern red-backed vole (Clethrionomys gapped), which today have an area

of sympatry in the cool, northern forests of Canada and on mountain tops in the western United

States. These voles suggest cooler summer temperatures during deposition of the fauna.

INTRODUCTION

Mammoth remains are known from many Indiana localities (e.g., Hay, 1912, 1923;

Richards, 1984), and all remains appear to be of the Jefferson's mammoth (Mammuthus

columbi jeffersonii), although there is not a consensus on which name to apply to the

various taxa (Skeels, 1962; Aguirre, 1969; Maglio, 1973; Madden, 1978; Kurten and

Anderson, 1980; Graham, 1986). Jefferson's mammoth is thought to have inhabited

open prairies, feeding primarily upon grasses, though it was also capable of browsing; it

became extinct about 11,000 years ago (Haynes, 1990; Kurten and Anderson, 1980).

Only one Indiana mammoth (Haley site) has been systematically excavated from

primary context using supportive interpretive studies (Pace, 1976). None of the Indiana

mammoth studies have included washing sediments to recover small vertebrates, which

provide information on environmental conditions during deposit formation.

On December 19, 1989, bulldozer operator Richard McLaine cut through portions

of tusk and large teeth while grading an access road at a proposed resort site just east of

Alton, Crawford County, south-central Indiana. The remains were encountered at

approximately 440 feet above sea level, Vi mile ENE of the confluence of the Little Blue

River and the Ohio River (NEV4, SE^, SEVi SEV*, Sec. 33, T4S, R1E, Alton Quad.).

McLaine took a tooth to the Floyd County Historical Museum and was referred to Philip

DiBlasi, Department of Archaeology, University of Louisville, who identified the tooth

as that of a mammoth (Mammuthus). When notified, the author (Indiana State Museum)

contacted the property owner for permission to investigate the locality. On December

28, 1989, Donald Cochran, William Wepler, and the author met with McLaine at the

discovery site. Portions of tusk, a disintegrated mandible with a shattered tooth, a



78 Zoology: Richards Vol. 100(1991)

decomposed cervical vertebra, and portions of a rib were located in situ, the latter

extending under an undisturbed bank. The "Alton Mammoth" appeared to be in primary

context in an unusual upland setting. Additional elements appeared to be present in

undisturbed soils, presenting an opportunity to wash the sediments for small vertebrates.

Delay of pending construction and especially digging at the site by vandals forced the

immediate excavation of the site.

Figure 1. A. Alton mammoth during January, 1990 recovery (view toward east). Note flexed position of left

humerus, ulna, and radius (lower right corner). B. Flexed right rear leg (#44, femur; #45, tibia). Scale in

inches.
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Figure 2. Plan view of field sketch of bone distribution of Alton mammoth, Crawford County, Indiana. Top

of the map is north. Tusk(s), mandible, and major limb bones (stippled) indicate a sternally recumbent

position with limbs flexed up under the body. Numbered elements: 1. L tibia; 2. L calcaneum and epiphysis;

2A. L navicular; 2B. L cuboid; 3. L (?) rib; 3A. ? bone; 4. L radius, distal epiphysis; 5A-C. L metacarpal II

and epiphysis, L trapezoid, and L trapezium; 6. L metacarpal III and epiphysis; 7. L ulna; 8. L ulna, distal

epiphysis; 9. L radius; 10. L magnum; 11. L (?) scapula; 12. ?; 12A. ?; 13. ? rib; 14. L (?) rib; 15. tusk

section; 16. atlas; 17. tusk section; 17A. cervical vertebra; 17B-D. ? bone; 18. mandible, R ramus with m3;

19. L humerus; 20. rib, in part; 21. mandible, L ramus with tooth portion; 22. L (?) rib #1; 23. tusk portion;

24. rib; 25. cervical vertebra; 26. ? vertebra, in part; 27. ? podial, in part; 27A. ? vertebra portion; 28. thoracic

vertebra; 29. metapodial; 30. R (?) rib; 31. ?; 32. rib; 33. rib; 34. thoracic vertebra; 34A. rib; 35. ? R radius;

36. R ulna; 37. rib; 38. axis, dens up; 39. R humerus; 40. rib; 41. ? rib; 42. rib; 43. rib; 44. R femur; 45. R

tibia; 46. ? ilium of innominate; 47. ? innominate; 48. ? L ilium of innominate; 49. L femur; 50. rib; 5 1 . rib

and neural arch of thoracic vertebra; 52. rib; 53. rib; 54. rib; 55. ? vertebral centrum; 56. rib; 57. rib; 58. rib;

59. neural spine, thoracic vertebra; 60. ?; 61. L astragalus; 62. rib; 63. rib.
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MATERIALS AND METHODS

Field excavation extended from January 17 through 20, 1990. The daily crew

ranged from seven to twenty-two persons, largely of Indiana Department of Natural

Resources staff and volunteers, and volunteers from nearby towns. Heavy and intermit-

tent rain along with cool temperatures throughout the project hindered excavation. A
backhoe and shovels were used to remove overburden and disturbed soils. Undisturbed

bones were marked and left on blocks of sediment while exposing as much of the

skeleton as possible (Fig. 1A). The bone was soft and minutely fractured, and many

elements were heavily penetrated by rootlets. Some elements were so badly disinte-

grated that they were recognized only as discolorations and textural anomalies in the

soil. A 2 m deep trench was dug across the north side of the site to determine lateral and

vertical displacement of the skeleton. The skeleton itself served as the unit of

excavation, so a gridding system was not employed. The site location was triangulated

by use of a theodolite. Individual elements were mapped, numbered, and tentatively

identified in the field (Fig. 2). Many elements could not be identified due to disintegra-

tion and obscuring muds. Bones were exposed using trowels and wooden awls and

washed with brush and water prior to photography (Fig. IB). Approximately 0.33 m3
(87

gallons) of sediments were removed from near the bases of skeletal elements to be later

washed to recover microfauna. Length measurements were taken on the larger bones

while in situ, anticipating that the bones would fragment upon removal. Because the

skeleton was badly disintegrated, the better preserved long bones (L femur and L tibia)

were removed in plaster jackets; all other elements were removed with supporting

sediments. This allowed detailed examination of elements in the lab for pathology,

better identification of elements, collection of evidence of postdepositional disturbance

(e.g., rodent gnawings), and provided an additional 25 gallons of sediment for recovery

of associated microfauna and potential cultural debris.

After excavation, Gordon Fraser, Indiana Geological Survey, took sediment samples

for textural analysis, and made observations on the geological context of the deposit.

The site has since been destroyed by construction activities.

In the laboratory, bones and encasing sediments were slowly dried in plastic bags,

somewhat hardening the bones. Better preserved items were cleaned on one side with a

soft jet of water, dental picks, and brushes to clear away deflocculating silts. When dry,

the cleaned surfaces were saturated with glyptal consolidant. The procedure was

repeated for the other side of the bone, and the more stable podials were later immersed

in consolidant. Disintegrated remains were cleaned under a soft jet of water to recover

the more durable cortical bone surfaces. Tooth portions were consolidated in glyptal

under vacuum. Broken tooth and bone parts were mended with Elmers E601 epoxy.

Approximately 0.42 m 3 (112 gallons) of soil recovered both from the field and

laboratory were washed through 1 .2 mm mesh hardware cloth for the recovery of small

vertebrates. Additional bone-contact soil samples were sent to the Indiana Geological

Survey for textural analysis. Approximately 1000 g of mammoth limb bone were

submitted to Beta Analytical, Inc. for radiocarbon dating.

Abbreviations used in this report include: L, R, left, right; I, M, upper incisor and

molar, respectively; i, m, lower teeth; MNI, minimum number of individuals; NIP,

number of identified pieces; inc., incomplete; and asl, above sea level.
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Figure 3. Alton mammoth (Mammuthus columbi jeffersonii), better preserved elements. A. Lower R molar 3

(occlusal view; note bulldozer damage to crown). B. Same, left lateral view. C. L metacarpal II, left lateral

view ( note separate epiphysis). D. L calcaneum, anterior view (note separate epiphysis). All scales are in

centimeters.
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Table 1. Quantitative characters and measurements, Mammuthus columbi jeffersonii,

Crawford County, Indiana (measurements in mm).

Teeth Lm, Rm, (?R) M 3

Number of preserved plates

Number of plates within

occluded portion

Greatest preserved length

Width (at plate no.)

Height (at plate no.)

Lamellar frequency

Average enamel thickness

Hypsodonty Index

(height/width x 100)

17+ 20+ 8+

ca. 8 ca. 7 7

230 (inc.) 230 (inc.) 95 (inc.)

85 (P6) 86(P13) 85+ (P8)

136 (P10) 143 (P8) —
9.0 9.2 8.5

1.44 1.43 1.37

160 166

Postcranial

(? L) scapula, length from glenoid cavity to

top of scapula along spine (in situ)

L humerus, total length (in situ)

L ulna, greatest length (lacking distal

epiphysis; in situ)

R femur, greatest length, from caput (in situ)

L femur, least transverse diameter of shaft

L femur, greatest tranverse width of distal

end (normal to articular surface)

L tibia, greatest length (in situ)

L tibia, transverse width of proximal end

(normal to plane of posterior edge of femur

facets)

L calcaneum, greatest length from tuber calci

L calcaneum, greatest width, normal to

articular surfaces for astragalus

735

1060±10

784+

1183

139

234

692

219

218

171
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Metacarpals L II LIII

Greatest length (with epiphysis

in position) 192 204

Least tranverse width of shaft

(normal to anterior face) 62 59

Greatest distal breadth 88 84

RESULTS

Geological context. The mammoth was recovered from a small, heavily dissected

terrace attached to a southeast-facing valley wall of the Ohio River near the mouth of the

Little Blue River. The terrace ranges in elevation from about 440 to 450 feet asl and

slopes gently to the west. It is bounded on the south by a pronounced slope break, where

it steps down to a lower terrace at an elevation of about 420 feet asl. It is bounded to the

north and east by the bedrock of the valley wall and to the west by the Little Blue River.

Along the Ohio River near the study site are Wisconsinan-aged sand and gravel

deposited as valley train along the Ohio River glacial sluiceway. To the north, terraces

along the Little Blue River preserve slack-water sediments, deposited in tributary lakes

along the Ohio River sluiceway (Gray, 1989).

Two profiles at the study site, of eight and nine feet in height, were examined and

sampled at one foot intervals. Both profiles were deeply weathered. The sediments

were unstratified, orangish brown to red in color and totally lacking in CaC0
3

. They

consist predominantly of silt with lesser amounts of clay, except at the base of the

sequence where clay is the dominant constituent. Sand occurs in very minor amounts

except in a few horizons, and gravel, in the form of granules and fine pebbles, occurs

only at the base of both profiles.

Mammoth. The skeleton is referred to that of the Jefferson' s mammoth, Mammuthus
columbijeffersonii. Most of the skeleton was present at recovery, though the skull could

not be distinguished. The few elements that survived well enough for consolidation

include: L, RM 3 portions; L, Rm
3
(fragmented; Fig. 3A-B); lower molar portion;

postzygaphyses, lumbar vertebra #1 or #2; sections of 3 ribs; condyle portion, proximal

end of L humerus; medial articular facet, semilunar notch of L ulna; distal epiphysis

(fragmented) of L ulna; distal epiphysis (fragmented), L radius; L magnum; L trapezoid;

L metacarpals II (Fig. 3C) and III (both with distal epiphyses); L femur, distal Vi\ L tibia

portions; L astragalus; L calcaneum (with epiphysis; Fig. 3D); L navicular; L cuboid;

and sesamoid. Measurements of the teeth and postcranial elements are presented in

Table 1.

All teeth required reconstruction, having been damaged by the bulldozer at discov-

ery. The L lower m
3
consisted of 17 and the R lower m

3
of 20 plates; an upper M 3

is

represented by 8 plates (Fig. 3A-B; Table 1). The third molars display an average

lamellar frequency (number of plates/ 100 mm) of 8.9, with an average enamel thickness

of 1.41 mm. Fragments of two other molars have enamel thicknesses of 1.56 mm and

1.81 mm. These characteristics fall within the range (lamellar frequency, 7-9; enamel

thickness, 1.5-2.0 mm) of "progressive" populations (Jeffersonian mammoths) of
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Mammuthus columbi (Maglio, 1973; Kurten and Anderson, 1980), referred here to

Mammuthus columbi jeffersonii. The teeth are comparable with other Indiana teeth in

the Indiana State Museum collection (Richards, 1984). Jefferson's mammoth (M. c.

jeffersonii) is the "typical elephant of the Sangamon and Wisconsin" (Maglio, 1973).

Tooth wear suggests an African elephant age equivalent of 34 years (wear stage XX
of Laws, 1966). The long bones show that growth was not complete, as epiphyseal union

had not commenced on the proximal and distal ends of the tibiae and femora, distal ends

of the ulnae, radii, metacarpals II and III, and the tuberosity of the calcaneum (Fig. 3C-

D). The proximal epiphysis of the humerus, however, appears to be undergoing fusion

with the diaphysis. The progress of epiphyseal union is consistent with that expected for

a 34 year old male African elephant (Haynes, 1990). Haynes (1984, 1990) considers

African elephants over 12 years of age to be mature adults, though growth is not yet

complete.

The tusk(s), mandible, pelvis, and major limb bones revealed the general orienta-

tion of the mammoth (Fig. 2). The skeleton faced downslope with the head towards the

north, dorsal side up, and the limbs drawn up under the body. The front legs and right

rear leg were flexed (Fig. IB); the left rear leg may also have been flexed. Many of the

vertebrae and ribs were located within 2.5 m of their anatomical position, often

downslope towards the west or east. Some elements, however, were recovered as far as

4 m downslope to the north.

The mammoth remains did not reveal rodent gnawings or other marks that sug-

gested disturbance after the death of the animal. Mammoth bone samples submitted for

radiocarbon age determination contained no identifiable collagen for dating (Beta-

40037).

Associated fauna. A total of 48 pieces of bone and teeth comprising 5 mammalian

species were associated with the mammoth (Table 2). Mollusks were absent from the

leached soils.

Name: Bat, sp. indet.

Materials: 2 phalanges.

Name: Phenacomys intermedins, heather vole.

Materials: RM2
; ?RM 2

,
partial; Lm

2
; Lm

3
; molar fragment.

Comments: The teeth display two stages of wear (MNI = 2).

Name: Clethrionomys gapped, southern red-backed vole.

Materials: RM 3
; Lm

l5
partial; molar fragment.

Name: Microtus pennsylvanicus, meadow vole.

Materials: RM 3
, partial.

Name: Microtus sp., meadow voles and mice.

Materials: LM 1

; Rmr partial; Lm
3

; molar, disintegrated; 9 molar

fragments.

Name: Mouse, sp. undet.

Materials: femur shaft; 7L, 4Ri enamel "rinds"; 3L, 4RI enamel "rinds."

Name: Leporidae, sp. undet., cottontail/hare.

Materials: 12 cheek tooth enamel faces (ca 4 teeth); molar dentine

fragment.

The recovered specimens are housed at the Indiana State Museum (INSM) under

catalog numbers 71.3.84 (mammoth) and 71.3.85 (associated remains). The L lower

molar 3 is reposited at the Floyd County Historical Museum in New Albany, Indiana.
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Table 2. Fauna associated with the Alton mammoth, Crawford County, Indiana.

Species MNI NIP

Bat, sp. undet.

Phenacomys intermedins, heather vole

Clethrionomys gapperi, southern

red-backed vole

Microtus pennsylvanicus, meadow vole

Microtus sp.

Mouse, sp. undet.

Leporid, sp. undet.

Totals: 5 species 9 48

DISCUSSION

An entire mammoth carcass became buried upon what is today a small terrace of the

Ohio River. Just when this occurred is not clear. This terrace was mapped by Straw

(1968), who proposed that it was a remnant of Illinoian-age slack-water deposits. The

relatively undisturbed, articulated nature of the skeleton suggests rapid burial and

perhaps also slack water deposition in a ponded environment. The apparent deep

weathering ofthe sediments is consistent with a pre-Wisconsinan age, but the mammoth'

s

dentition suggests Wisconsinan or Sangamonian age. The presence of the boreal voles

Phenacomys intermedius and Clethrionomys gapperi support the notion of glacial age

(i.e., Wisconsinan) deposition. Textural characteristics of the sediments are similar to

Wisconsinan lacustrine sediments deposited in tributary lakes associated with the Ohio

River. The terrace at Alton, however, is not in a tributary valley, and the soil profile at

the mammoth site is significantly different from the profiles in the lacustrine terraces in

the tributary valleys.

These seemingly contradictory data present three potential explanations for the

origin of the terrace and the burial of the mammoth:

1

.

The terrace may be of Illinoian age, and the mammoth buried when the river was

rapidly being aggraded with glacial outwash. However, mammoth tooth charac-

ters suggest Wisconsinan age, and the overlying sediment is much finer-grained

than that which normally occurs in valley train outwash.

2. The terrace may be of Wisconsinan age. The terrace elevation, however, is 20

to 30 feet higher than terraces of probable late Wisconsinan age along the river.

Although it is only 10 feet higher than the lacustrine terraces in nearby tributary

valleys, its occurrence along the Ohio River shows that it did not originate in a

tributary lake.

3. The most likely explanation is that the bulk of the terrace is Illinoian, and that it

was mantled by overbank flood deposits of the Ohio River during the Wisconsinan.
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The terrace occurs just downstream from a sharp bend in the river where flow
separation would contribute to rapid deposition of silt and clay; this would
explain the occurrence of fine-grained sediments along the valley wall. The
high clay content at the base of the profile suggests the occurrence of a buried
paleosol. If the overlaying sediments were of Wisconsinan age, then the
paleosol could have formed during the Sangamonian interstade on sediments
deposited during thelllinoian. Sedimentation could have occurred either during
the middle or late Wisconsinan, when glacial ice of the Huron-Erie Lobe entered
the drainage basin of the Whitewater-Miami river system and supplied meltwater
and outwash to the Ohio River. The degree of weathering suggests that the older
age is more likely and that the underlying soil formed during Sangamonian times.

The site had been heavily leached by groundwater, badly disintegrating the mam-
moth skeleton, and selectively disintegrating all but the most durable elements of the
microfauna, the latter surviving largely as enamel "rinds" of teeth. Interestingly, the
stout, rooted molars of adult Phenacomys intermedius (heather voles) and Clethrionomys
gapped (red-backed voles) were preserved relatively intact, while the unrooted teeth of
Microtus were quite fragile and often represented by detached enamel faces. This
suggests a preservation bias for Phenacomys and Clethrionomys. It is not clear if the
bones of fishes or shells of snails had been selectively leached from the deposit.

Neither the heather nor the red-backed vole occurs in Indiana today. The heather

Figure 4. Modern area of sympatry (shaded), heather vole (Phenacomys intermedius), southern red-backed
vole (Clethrionomys gapped), and meadow vole (Microtus pennsylvanicus). All co-existed in southern
Indiana during the deposition of the Alton mammoth.
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vole occupies a variety of habitats (pine and spruce forests, grassy and rocky mountain

slopes, and tundra) in cold forested regions of Canada and mountain tops of the western

United States; the red-backed vole inhabits damp environments in coniferous, decidu-

ous, or mixed forests of Canada, extreme northern United States, and mountain regions

of the western and eastern United States (Burt and Grossenheider, 1964). The meadow
vole (Microtus pennsylvanicus) occurs in Indiana today, inhabiting low marshy areas

and meadows, lake shores and stream sides, and relatively dry upland fields (Mumford

and Whitaker, 1982). When the modern distribution ranges of these three identifiable

species are overlain (Fig. 4), the area of sympatry suggests that those three species could

only co-occur today in the cool, boreal forest region (taiga) of Canada. The southern

limit of distribution of northern species can be correlated with summer high temperature

extremes; conversely, the northern limit of distribution of southern species can be

correlated with winter low temperature extremes (Graham, 1976). The presence of

extralimital boreal voles at the Alton mammoth locality suggests cooler summers at the

time of deposition of the fauna. A Wisconsinan-aged mammoth locality in Iowa with

a similar associated fauna has led to similar environmental implications (Davis, et ai,

1972-73).

The stature of the Alton mammoth can be estimated by the length of select long

bones. The Jonesboro, Grant County, Indiana specimen {Mammuthus columbijeffersonii,

AMNH 9950) was mounted with a shoulder height of 3.2 m using restored radii and

ulnae. Hay (1912) believed that more accurate restoration would have lowered the

shoulder height to 3.0 meters. Comparison of the Alton femur length to the ratio of

femur length to adjusted shoulder height of the Grant County specimen suggests that the

Alton mammoth would have stood 2.86 m (9' 5") at the shoulder. Harington, et al.

{191A) used the length of the humerus to calculate the shoulder height of the Babine

Lake mammoth. This method (humerus length = 34% shoulder height) suggests that the

Alton mammoth stood somewhat higher (3.12 m; 10'3"), reaching 3.26 m (10'9") in the

flesh. Kurten and Anderson ( 1980) give the range of adult shoulder height of Jefferson'

s

mammoth at 3.2-3.4 meters. Haynes (1990) gives 3.2-3.95 rri as the probable range for

M. columbi.

The upland occurrence of the Alton mammoth in fine-grained sediments is unusual.

Munson (in prep.) suggested that many of the muskoxen remains deposited south of the

Wisconsinan glacial boundary in Indiana had occurred as bloated carcasses rafted down
glacial meltwater channels, many kilometers from the source of death. If so, the Alton

mammoth could have originated upstream and have been deposited as a bloated carcass

along the bank of a slackwater ravine of the Ohio River.

The sternally recumbent posture of the Alton mammoth skeleton was also unusual.

Haynes (1988) related that most modern elephants die lying on one side and that adult

elephants are rarely mired. The Alton mammoth skeleton occurred in the "sudden death

posture" where the animal, for various reasons, collapses straight down upon its brisket,

mandible, tusks, and belly (Haynes, 1988). In these instances, as at Alton, the forelegs

are often flexed and the rear legs are either flexed or extended in a feeble attempt to

stand. In a living elephant, this position will result in anoxia and cardiac failure within

an hour or two (Haynes, 1988). The actual cause of death of the Alton mammoth is

speculative. Mature male African elephants live apart from mixed herds for most of the

year, and experience relatively high mortality between the ages of 35 to 50 years

(Haynes, 1990). Although we do not know the sex of the Alton mammoth, its solitary

occurrence and age at death is consistent with bull elephant behavior. The Hot Springs
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Mammoth Site, South Dakota, appears to have been selective for 12 to 30 year-old male

mammoths (Agenbroad, 1990).

Although the Alton skeleton did not display the disturbance and trampling common
to modern African elephant herd-frequenting sites (Haynes, 1988), its fractured and

displaced tusk(s) are difficult to interpret. In modern elephant carcasses, the scapulae

slide downward relatively early, with the ribs falling from position as decay proceeds

(Haynes, 1988); this could account for displacement of those elements at Alton. The foot

bones are among the first elements to detach during the decay of modern elephant

carcasses; they are highly susceptible to scavenging (Haynes, 1988). Many of the foot

bones at Alton were in expected anatomical proximity. Because there appears to have

been relatively little damage by scavengers or trampling mammoths, the carcass may
have been buried or submerged soon after displacement of the scapulae and dispersion

of the vertebrae and ribs.
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ABSTRACT: A total of 207 species of ectoparasites was reported in Ectoparasites ofIndiana and in

Mammals of Indiana, both published in 1982. The present paper summarizes information on the 36

species of mammalian ectoparasites, all mites, found since those works. Eighteen of the species are

new to science. Eleven species, all new, are species of Schizocarpus from beavers, and eight are

from Smoky and Pigmy shrews. These hosts are known from Indiana only since 1981. Six are

species of the genus Macrocheles found during a study on that genus as it occurs on mammals of

North America. The remainder are from miscellaneous hosts and mite families.

Whitaker (1982) summarized information on ectoparasites and other associates of

the fur of mammals of Indiana. That work included 207 species, 140 of them not

previously taken in Indiana and 29 of them new to science. The same information was

published under the various host species' accounts in Mammals of Indiana (Mumford

and Whitaker, 1982).

Since 1982, 36 additional species of ectoparasites have been found; all of them

mites and 18 new to science (Table 1). The new records have all been published

elsewhere. The purpose of this paper is to update both Ectoparasites of Mammals of

Indiana and Mammals of Indiana.

Eight of the new records are from two species of shrews, the smoky shrew, Sorex

fumeus, and the pygmy shrew, S. hoyi. These two species had just been found in Indiana

when Mumford and Whitaker (1982) and Whitaker (1982) were published. Their

ectoparasites have been studied since that time (Whitaker and Cudmore, 1987). In 1982,

only one species of beaver mite, Schizocarpus mingaudi, was known from North

America. Additional collections of beaver mites, Schizocarpus, since that time have

turned up 1 1 new species (Fain and Whitaker, 1988; Fain, et al, 1984; Whitaker, et al.,

1989; Whitaker and Smith, 1985). Six of the records are from studies on the genus

Macrocheles of North American mammals (Krantz and Whitaker, 1988).

Additional notes are given below for these and other new records under their

respective families.

Ameroseiidae. Elsen and Whitaker (1985) described a new genus, Sertitympanum,

with three North American species, including S. separationis phoretic on Spermophilus

tridecemlineatus from Indiana.

Cheyletidae. Cheyletus malaccensis was found on the wood rat, Neotomafloridana,

by Cudmore (1986).

Chirodiscidae. Eleven new species, all Schizocarpus, from the beaver, Castor

canadensis, have been found in Indiana. Originally, all beaver mites were thought to

comprise one species, S. mingaudi. However, Dubinina (1964) discovered that mites of

the Eurasian beaver, Castor castor, included 10 new species, besides S. mingaudi. We



92 Zoology: Whitaker Vol. 100 (1991)

thus initiated a study of beaver mites from Indiana and found eleven new species in

addition to S. mingaudi (Table 1). Schizocarpus mingaudi occurs in Eurasia and North

America, but otherwise all Eurasian species are entirely separate from all North

American species. The North American species fall into four groups (Table 1), the

mingaudi group of the head and anterior dorsum of the beaver, the indianensis group of

the posterior dorsum, the virgulatus group of the venter, and the spinifer group (1

species, S. spinifer), which is very different from the other groups. Schizocarpus spinifer

is rather uncommon and may be found on all parts of the beaver. Evolution of several

species restricted to one host is highly unusual and has been been termed multispeciation.

Several species may be found on any one individual beaver. Species differences are

based on the male sucker plates; immature females attach to the males by their own
sucker plates. Adult females and immature males lack sucker plates and are similar to

one another morphologically. It was originally believed that the species evolved in

response to different habitats in the fur of different parts of the beaver, but we now
believe that the sucker plates are of significance in species recognition, allowing the

mites to link sucker plates with their own rather than another species. There is a key to

the North American species of Schizocarpus in Whitaker, et al. (1989).

Glycyphagidae. Two additional species are included in the Glycyphagidae.

Glycyphagus zapus is a new species very close to G. newyorkensis. It was described and

its life history worked out by Fain, et al. (1985). Xenoryctes nudus was found on Sorex

longirostris by French (1982) and also on Sorexfumeus (Whitaker and Cudmore, 1987).

Laelapidae. Hypoaspis miles is the only new laelapid. It was found on Sorex

longirostris by French (1982).

Listrophoridae. Prolistrophorus grassii was the only new listrophorid reported

since 1982. It was reported from Synaptomys cooperi from Indiana by Fain and

Lukoschus(1984).

Macrochelidae. Krantz and Whitaker (1988) studied the macrochelid mites of the

mammals of North America and reported six species from mammals from Indiana,

including one species described as new, Macrocheles mesochthonius. Species of

Macrocheles are apparently phoretic on their mammal hosts. A key to the species of

Macrocheles occurring in North America is presented by Krantz and Whitaker (1988).

Myobiidae. Six species of myobiids are included here that were not included in

Ectoparasites of Mammals of Indiana. Three of them, Acanthophthirius nycticeius,

Protomyobia blarinae, and P. indianensis were described as new partly on the basis of

Indiana material (Fain and Whitaker, 1986; Lukoschus, et al., 1988; Fain, et al., 1982).

Two, Pteracarus minutus occidentalis and Radfordia lemnina (Dusbabek, 1973; Wassel,

et al, 1978) should have been included by Whitaker (1982) but were overlooked.

Protomyobia brevisetosa is a common parasite of Sorexfumeus and is now included as

a result of that host being found as a resident of Indiana (Whitaker and Cudmore, 1986).

Pygmephoridae.Three additional species of Pygmephorus were found in Indiana,

P. lutterloughae on Sorexfumeus, P. proctorae on Sorex hoyi (Whitaker and Cudmore,

1987), and P. spickai on Neotoma floridana (Cudmore, 1986). A key to the North

American pygmephorids can be found in Smiley and Whitaker (1984).

Trombiculidae. Four additional species of chiggers are included, all from the two

new species of shrews found in Indiana, Sorex fumeus and S. hoyi (Whitaker and

Cudmore, 1987). One, Euschoengastia whitakeri, was described as a new species by

Wrenn(1984).

Thirty-six species are included here, bringing to 243 the number of ectoparasites
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and other associates known from Indiana mammals. Eighteen of these were described

as new, bringing the number new to science from Indiana to 47, all of them mites.

ERRATA

Some corrections should be inserted in the original keys of Whitaker (1982) as

follows:

p. 89. Line 9 should read Echimyopus nyctomys, not E. orphanus.

p. 64. a) The second half of the first couplet in the key should indicate couplet 7

rather than 6.

b) Substitute the following new couplet for couplet 6:

6. Epigynial plate drop-shaped (widened posteriorly) Laelapidae

Epigynial plate "V" or "U" shaped, not widened posteriorly

Macronyssidae
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Table 1. Species of mammalian ectoparasites reported from Indiana since the publica-

tion of Ectoparasites ofMammals of Indiana (Whitaker, 1982). Species described as

new to science are designated with an asterisk (*). All species are mites (Acarina).

Species Host Reference

Ameroseiidae

*Sertitympanum separationis Spermophilus Elsen and

Elsen and Whitaker, 1985 tridecemlineatus Whitaker,

1985

Cheyletidae

Cheyletus malaccensis

Oudemans, 1903

Neotoma floridana Cudmore, 1986

Chirodiscidae

mingaudi group

*Schizocarpus paramingaudi Castor canadensis Fain and

Fain and Whitaker, 1988 Whitaker.

1988

indianensis group

*S. indianensis Fain,

Whitaker, and Smith

1984

*S. tetrapilus Fain,

Whitaker, and Smith,

1984

YS. postannulatus Fain

and Whitaker, 1988

*S. contrarius Fain and

Whitaker, 1988

Castor canadensis Fain, et al,

1984

Castor canadensis Fain and

Whitaker,

1988; Fain,

etal, 1984

Castor canadensis Fain and

Whitaker,

1988

Castor canadensis Fain and

Whitaker,

1988

virgulatus group

*S. virgulatus Fain, et al.

1984

Castor canadensis Fain, et al.

1984
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*S. subvirgulatus Fain, et

al, 1984

Castor canadensis Fain and

Whitaker,

1988; Fain,

etal, 1984

*S. furcatus Fain, et al,

1984

Castor canadensis Fain, et al.

1984

*S. inversus Fain, et al,

1984

Castor canadensis Fain, et al,

1984

*S. posticus Fain and

Whitaker, 1988

Castor canadensis Fain and

Whitaker,

1988

spinifer group

*S. spinifer Fain, et al

1984

Castor canadensis Fain, et al,

1984

Glycyphagidae

*Glycyphagus zapus Fain,

etal, 1985

Xenoryctes nudus Fain

and Whitaker, 1975

Zapus hudsonius

Sorex hoyi

Fain, et al,

1985

Whitaker and

Cudmore,

1987

Macrochelidae

Sorex fumeus Whitaker and

Cudmore,

1987

Laelapidae

Sorex

longirostris

French, 1982

Hypoaspis miles (Berlese,

1892)

Listrophoridae

Sorex

longirostris

French, 1982

Prolistrophorus grassii

(Radford, 1954)

Synaptomys

cooperi

Fain and

Lukoschus,

1984

Macrocheles insignatus

Berlese, 1918

Peromycus

maniculatus

Krantz and

Whitaker,

1988

M. mammifer Berlese, 1918 Rattus

norvegicus

Krantz and

Whitaker,

1988;

Whitaker,

1977
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M. merdarius (Berlese,

1889)

Rattus

norvegicus

Krantz and

Whitaker

1988;

Whitaker,

1977

*M. mesochthonius Krantz

and Whitaker, 1988

Didelphis

virginiana

Krantz and

Whitaker,

1988

Myobiidae

Rattus

norvegicus

Krantz and

Whitaker,

1988

Marmota monax Krantz and

Whitaker,

1988

Spermophilus

franklinii

Krantz and

Whitaker,

1988

Spermophilus

tridecem-

lineatus

Krantz and

Whitaker,

1988

Zapus hudsonius Krantz and

Whitaker,

1988

M. muscaedomesticae

(Scopoli, 1772)

Sciurus

carolinensis

Krantz and

Whitaker,

1988

M. rodriguezi Oliver

and Krantz, 1963

Rattus

norvegicus

Krantz and

Whitaker,

1988

*Acanthophth irius

nycticeius Fain and

Whitaker, 1987

Nycticeius

humeralis

Fain and

Whitaker,

1987

*Protomyobia blarinae

Lukoschus, et al, 1!

Blarina

brevicauda

Lukoschus, et

al, 1988

P. brevisetosa Jameson,

1948

Sorex fumeus Whitaker and

Cudmore,

1987

P. indianensis Sorex

longirostris

Fain, et al,

1982;

French,

1982
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P. minutus occidentalis

Dusbabek and Wilson, 1973

Radfordia lemnina (Koch,

1841)

Pipistrellus

subflavus

Synaptomys

cooperi

Dusbabek, 1973

Wassel, et

ai, 1978

Pygemephoridae

Pygmephorus lutterloughae

Smiley and Whitaker,

1979

Sorex fumeus Whitaker and

Cudmore,

1987

P. proctorae Smiley and

Whitaker, 1984

Sorex hoyi Whitaker and

Cudmore,

1987

P. spickai Mahunka, 1974 Neotoma

flohdana

Cudmore, 1986

Trombiculidae

Comatacarus americanus

(Ewing, 1942)

Sorex hoyi Whitaker and

Cudmore,

1987

*Euschoengastia whitakeri

Wrenn, 1984

Euschoengastia jamesoni

(Brennan, 1984)

Sorex fumeus

Sorex fumeus

Wrenn, 1984

Whitaker and

Cudmore,

1987

Sorex hoyi Whitaker and

Cudmore,

1987

Neotrombicula cavicola

Ewing, 1931

Sorex fumeus Whitaker and

Cudmore,

1987
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it may not be republished without the written consent of the Academy.

All manuscripts are evaluated by referees. Once approved, the corrected manuscript

should be sent to the Editor on disk, or diskette, (preferably IBM compatible) indicating

the software, version and file name. Two hard copies also should be sent with the disk.

Galley proofs will be sent to the author for corrections. Corrections must be restricted

to printer's errors only; all other alterations will be charged to the author. In case of

multiple authors, proofs will be sent to the primary author. Failure to return proofs

immediately may delay publication of a manuscript.

If only hard copy is submitted to the Editor, the author will be charged for data entry.

Reprints of articles may be purchased at the time corrected proofs are returned.

STYLE: Three copies of the draft manuscript should be submitted, typewritten on

one side of good quality 8.5 x 11 inch paper. The text should be double-spaced with

ample margins, but not right-hand justified. Manuscripts should conform to an appro-

priate format according to content. See recent issues for examples. Do not submit a

title or cover page. Page one should include title, author's name and address, and an

abstract. Pages should be numbered consecutively; it is preferred that all lines of the

manuscript be numbered except in tables, figures, graphs, charts and diagrams. Use

active voice. Extensive quotations in the text should be typed with slightly narrower

margins. Use acceptable metric symbols for all measurements (see CBE Style Manual,

5th edition). Periods are to be used after all abbreviations in the text except metric

measures and compass directions.

ABSTRACT: All articles must have an abstract. The abstract should be a meaningful

summary of the significant facts contained in the paper and should be appropriate for

the published article. Limit it to 250 words; use complete sentences.

TABLES: These should be typed, double-spaced, one table to a page, numbered

consecutively, and placed in a group at the end of the manuscript. Keep the number of

tables to a minimum; avoid using numerous small tables. Use a double horizontal line

immediately below the title of the table and a single line below the column heading and

at the bottom of the table. Do not use lines in the interior of the table.

ILLUSTRATIONS: All illustrations are referred to as " figures" and must be num-

bered consecutively. Figures may be glossy photographs or line drawings in black ink.

These should be grouped and mounted neatly on white cardboard for reproduction as a

single cut. Each figure, or collection of figures in a plate, should be indentified along



the top edge with author's name and title of manuscript. Those other than the author's

must bear permission for use and credit originator. Original drawings or photographs

should be submitted when possible. In addition, two photocopies of each figure must

accompany the manuscript to avoid delay in review. ORIGINAL DRAWINGS AND/
OR PHOTOGRAPHS WILL NOT BE RETURNED UNLESS SPECIFICALLY RE-

QUESTED BY THE AUTHOR AT THE TIME OF SUBMISSION. THE AUTHOR
SHOULD SEND THE APPROPRIATE SIZE ENVELOPE WITH POSTAGE FOR
RETURN.

Make the size and proportions of each group of figures suitable for reduction to the

width and length of the printed page (5x8 inches). Care should be taken to ensure that

a figure does not occupy more space than necessary. If carefully drawn, figures need

be no more than 33% larger than the size desired in print. All figures or composite

blocks of figures should be no greater than 8.5 x 11 inches. Special care should be

taken to ensure that all lettering is legible after reduction. A graphic scale should be

drawn on each figure.

Captions for figures should be typed in order, double-spaced, on a separate page. Figures

are referred to in the text as Figure 1 or (Fig. 1). Each figure must have a complete

legend even though the material is described in the text. The legend should not be

placed on the figure.

FOOTNOTES: These may be used to indicate the author's present address. Footnotes

to tables are permissible and encouraged to assist the reader with reference to the text.

Footnotes to tabular data should be noted by asterisks, daggers, or other signs to avoid

confusion with numerals in the table or elsewhere. All other materials or comments
must be incorporated into the text.

LITERATURE CITED: References are to be cited in text as Patterson (1940) or

(Patterson, 1940). In case of more than two authors, et al. may be used

in the text, but all coauthors must be listed in order in the Literature Cited section.

Literature cited should be arranged alphabetically, double-spaced, and separate from

the text. Do not number the references. List cited literature in this order: author(s),

date, title, source, pages(p.). The name of cited periodical sources should be abbreviated

using standard form.
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